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Abstract 
Making the Case for STEM Integration at the Upper Elementary Level: A Mixed 
Methods Exploration of Opportunity to Learn Math and science, Teachers' Efficacy and 
Students' Attitudes 
 
Brianna M. Miller 
 
 
 
 
Student achievement in science and math has been linked to per capita gross domestic 
product (GDP) growth propagating the belief that science, technology, engineering, and 
math (STEM) education is an important factor in economic prosperity.  However, The No 
Child Left Behind Act of 2001 (NCLB), favors math over science, positioning the 
subjects as competitors rather than collaborators.  Additionally, NCLB focuses almost 
exclusively on the cognitive outcome of students’ achievement with the affective 
outcome of students’ attitudes being nearly ignored.  Positive attitudes toward science 
and math early on are essential for subsequent and cumulative decisions students make in 
taking courses, choosing majors, and pursuing careers.   Positioning students’ attitudes as 
a desirable educational outcome comparable to students’ achievement is an emerging 
goal in the literature.  Using the case of one school district in south-central Pennsylvania 
with three elementary schools, 15 upper elementary teachers, and 361 students, the 
purpose of this study was to better understand influences on upper elementary students’ 
attitudes toward STEM (SA) subjects and careers.  The study aimed to explore two 
influences on SA, opportunity to learn (OTL) and teacher’s efficacy (TE), in the 
comparative contexts of math and science.  The studied employed a mixed methods 
convergent design in which five data sets from four sources were collected over three 
phases to triangulate three constructs: OTL, TE, and SA.  The goal of the study was to 
	  	  
xi 
offer recommendations to the case school district for enhancing OTL, TE, and thus SA.  
Findings regarding OTL revealed that the opportunity to learn science was lower than 
math.  Finding regarding TE revealed that outcome expectancy was lower than personal 
teaching efficacy in both science and math; and, teachers had low STEM career 
awareness, STEM integration, and technology use.  Findings regarding SA revealed a 
lower perceived usefulness of science compared to math and a high interest in 
engineering careers, especially among girls.  Based on these findings it was 
recommended that the school district utilize its District Level Plan and the pre-existing 
structures of Career Day and the Science Fair to integrate STEM education as a means of 
improving OTL, TE, and thus SA. 
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CHAPTER 1: INTRODUCTION 
Background of the Study 
A decade ago, one of the most influential reports on the status of the United 
States’ global competitiveness was published by the National Academies.  This report, 
released in 2005 and then edited into a book in 2007, was entitled Rising Above the 
Gathering Storm: Energizing and Employing America for a Brighter Future (Rising 
Above).  The 20-member Committee on Prospering in the Global Economy of the 21st 
Century: An Agenda for American Science and Technology, consisting of university 
presidents, CEOs, and Nobel laureates, wrote Rising Above in response to a 
Congressional request for recommendations that “federal policymakers could take to 
enhance the science and technology enterprise so that the United States can successfully 
compete, prosper, and be secure in the global community of the 21st century” (The 
National Academies, 2007, p. R11).   Rising Above is a 590-page book that offered four 
recommendations to Congress, the first of which was to “increase America’s talent pool 
by vastly improving K–12 science and mathematics education” (2007, p. 112).  It was 
this first recommendation that put the spotlight on the academic aspect of subsequent 
competitiveness policy that has become nearly ubiquitous today – the educational 
collective of science, technology, engineering, and math known as STEM.   
The thrust to improve K–12 science and mathematics education, together with the 
other three recommendations made in Rising Above, culminated in the enactment of one 
of the most significant bipartisan-supported pieces of legislation of the past decade.  The 
bill, America Creating Opportunities to Meaningfully Promote Excellence in Technology, 
Education, and Science Act, or America COMPETES Act (ACA), was signed into law in 
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2007 by President George W. Bush for the following purpose: “to invest in innovation 
through research and development, and to improve competitiveness” (ACA, 2007, p. 
572).  In 2010, the ACA was reauthorized, the same year the National Academies 
published an updated report on the United States’ competitiveness called Rising Above 
the Gathering Storm, Revisited.  STEM education was a prominent feature of both the 
reauthorization of ACA and the revisitation of Rising Above, indicating that STEM 
education had become a national priority.  The emphasis on STEM education as a 
competitiveness strategy was evident in an increasing body of competitiveness-focused 
literature published in the wake of Rising Above.  For example, the National Governors 
Association published Innovation America: Building a Science, Technology, 
Engineering, and Math Agenda (2006) and Obama’s President’s Council of Advisors on 
Science and Technology (PCAST) published Report to the President: Engage to Excel: 
Producing One Million Additional College Graduates with Degrees in Science, 
Technology, Engineering, and Mathematics. (2012). 
A specific STEM education action described in the ACA was for the National 
Science Technology Council (NSTC) to develop an interagency committee to coordinate 
all federal STEM-related programs, activities, and initiatives in a five-year strategic plan.  
Thus, the National Science and Technology Council Committee on STEM Education 
(CoSTEM) was created and their first strategic plan was published in May 2013.  
CoSTEM consisted of representatives from 14 federal agencies, including nine of the 
fifteen federal departments, such as the departments of Education (ED) and of Defense 
(DoD), along with the National Science Foundation (NSF), and the National Aeronautics 
and Space Administration (NASA) among others.  Each of the 14 CoSTEM agencies had 
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a STEM-related mission to “invest in and support programs and activities to improve 
STEM education….   Many of their programs [were] designed to develop a STEM-
literate population and to ensure a highly qualified workforce in agency-related fields as 
well as in the STEM fields more generally” (CoSTEM, 2013, p. 4). 
The creation of CoSTEM exemplifies a burgeoning interest in establishing 
national competitiveness policy aimed at utilizing education as a means for improvement.  
The rationale to develop competitiveness policy originated from an urgent concern that 
the United States has been losing its historically high ranking as an innovator among 
nations, and that our declining stature could have a negative impact on our economic 
prosperity.  Justifications for these concerns are provided by analyses of commonly 
reported comparative statistics including scores on international achievement tests such 
as the Programme for International Student Assessment (PISA), the Trends in 
International Math and Science Study (TIMSS), and Program in International Reading 
Literacy Study (PIRLS), graduation rates, spending on science and technology (S&T), 
and production of scientists and engineers, among others (Wellman, 2007).  The ultimate 
national goal of the competitiveness agenda in the realm of public education was to 
ensure, if not increase, the steady flow of students capable of pursuing a post-secondary 
college major and/or career in a STEM-related field, thereby helping to drive innovation 
and to fill important jobs (Machi, 2009).  In essence, the US aimed to build a 
metaphorical “STEM pipeline,” with real-world components.  The logic underpinning 
student flow in the STEM pipeline was simple – if students’ achievement on PISA and 
TIMSS increases, then the STEM-capable workforce increases because academic 
performance would indicate the potential for workplace performance.  Students’ 
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achievement has been a priority at the level of individual classrooms, school buildings, 
and districts, as evidenced by a focus on test scores.  The prioritization of achievement 
tests originated with the 2002 reauthorization of the Elementary and Secondary 
Education Act of 1965 (ESEA), known as the No Child Left Behind Act of 2001 (NCLB), 
which mandated annual standardized assessments in science, math, and reading at various 
grades in elementary, middle, and high school.  School districts have been so profoundly 
influenced by NCLB that the larger economic imperative of the competitiveness agenda, 
ensuring a steady flow of STEM-capable students, has had little impact.  This has led to 
some educational researchers advocating, “the real economic imperative for the STEM 
pipeline is not just raising standardized test scores, but also empowering students” 
(Donovan, Mateos, Osborne, & Bisaccio, 2014, p.1).  The notion of empowering students 
suggests that outcomes beyond achievement, such as students’ attitudes, be considered. 
Statement of the Problem 
More than thirty-five years ago, Hurd, in his Biology Teacher’s Handbook (1978), 
made educational recommendations regarding the nature of both students’ achievement in 
science and their attitudes towards it.  He saw the development of true scientific literacy, 
a term whose meaning has evolved to include science-technology-society or STS literacy 
(DeBoer, 2000; Hurd, 1998) and most recently science, technology, engineering, and 
math or STEM literacy (Zollman, 2012; Bybee, 2013), as dependent on both achievement 
and attitudes.  Current educational policy, NCLB; however, reflects consideration of only 
Hurd’s former recommendation, students’ achievement, and may not be considered to be 
adequately promoting scientific or STEM literacy.  NCLB mandates annual measurement 
of students’ achievement in reading, writing, and math in third through eighth grades; and 
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in science in fourth and eighth grades.  By mandating more testing in math than in 
science, NCLB has positioned math and science as competitors rather than collaborators.  
Implementation of NCLB, combined with concerns that the United States’ economic 
competitiveness was diminishing in light of mediocre ranking on commonly reported 
comparative statistics such as PISA and TIMSS, has resulted in policymakers connecting 
our educational outcomes to an economic imperative (Carnevale, Smith, & Melton, 
2011).  They have emphasized “the link between student achievement in science and 
math to per capita gross domestic product (GDP) growth, [and] support[ed] the widely 
held belief that science, technology, engineering, and math (STEM) education are 
important factors in economic prosperity” (Donovan, Mateos, Osborne, & Bisaccio, 
2014, p. 1).  
Additionally, NCLB has resulted in the American public education system 
focusing almost exclusively on the cognitive outcome of students’ achievement  (Ravitch, 
2010), with the affective outcome of students’ attitudes being nearly ignored.  Positive 
attitudes towards science, however, are desirable for the development of not only a 
scientifically literate population in general, but also a STEM-capable workforce 
(Shumow & Schmidt, 2015).  This is because students who develop negative attitudes 
toward science at the elementary level may avoid challenging science courses at the 
secondary level.  The choice to not take advanced science in high school may in turn 
limit subsequent post-secondary pursuits involving a STEM-related college major, and, 
ultimately a STEM-related career (Bathgate, Schunn, & Correnti, 2013).  Research 
suggests that a majority of adults who have secured a STEM-focused career solidified 
their interest in such a pursuit between the ages of 10 to 14 (Osborne, Simon, & Tytler, 
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2009), or, in other words, as early as the upper elementary level.  Thus, understanding the 
influences on students’ attitudes toward STEM, particularly their perceived usefulness of 
the STEM subjects science and math, is essential to addressing the United States’ 
competitiveness concerns. 
 Purpose and Significance of the Study  
Purpose 
 Following the work of Schmidt and Maier (2009), who identified opportunity to 
learn (OTL) — defined as coverage of a particular content for a given amount of time— 
as one of the most important policy variables today because of its consistent relationship, 
historically and internationally, to students’ achievement, this study sought to explore a 
similar relationship between OTL and students’ attitudes.  Considering that a meta-
analysis of teachers’ efficacy (TE), a well-established educational construct, showed a 
strong relationship to students’ achievement (Eells, 2011), this study sought to explore 
the relationship between TE and students’ attitudes, as well.  The purpose of this study 
was to better understand influences on upper elementary students’ attitudes (SA) toward 
STEM subjects and careers.  The study aimed to explore two influences on SA, 
opportunity to learn (OTL) and teacher’s efficacy (TE), in the comparative contexts of 
math and science.  The study employed a mixed methods convergent design in which five 
data sets from four sources were collected over three phases to triangulate three 
constructs: OTL, TE, and SA.  The goal was to offer the case school district a 
comparative analysis of opportunities to learn math and science, teachers’ efficacies, and 
students’ attitudes, and to make recommendations to enhance OTL, TE, and, ultimately, 
SA.   
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Significance 
Overall, both students’ attitudes and achievement are essential to the creation of 
not only a scientifically literate society, but also a robust STEM pipeline (Wiebe, Faber, 
Corn, Collins, Unfried, & Townsend, 2013).  The flow of students through the 
metaphorical STEM pipeline has been deemed critical to the future of America’s global 
competitiveness (Ralston, Hieb, & Rivoli, 2013).  With national educational policy and 
an economic imperative focusing on students’ achievement, a need exists to shed light on 
the value and significance of students’ attitudes.  Positioning students’ attitudes as a 
comparable educational outcome to students’ achievement is an emerging goal in the 
literature (Sjøberg & Schreiner, 2010) although interest in the topic has been a 
substantive feature of the research community for nearly half a century (Osborne, Simon, 
& Collins, 2003).  The inclusion of a student questionnaire, which probes various 
dimensions of students’ attitudes, in several large-scale achievement tests in math and 
science, such as PISA, TIMSS, and the National Assessment of Educational Progress 
(NAEP), suggests some recognition of the value in measuring students’ attitudes. 
This study contributes to the emerging literature on students’ attitudes by 
exploring the influences on them of the important and well-established constructs of OTL 
and TE.  This study contributes to the contemporary interest in the STEM pipeline, as 
well, since students’ attitudes toward science and math are explored.  Although the 
findings of this study were intended to make recommendations to case school district to 
enhance OTL, TE, and, thus, SA, they may shed light on what is occurring in other 
Pennsylvania elementary schools with similar demographics and daily schedules.  The 
findings of this study may benefit policy makers interested in developing educational 
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policy inclusive of attitudinal outcomes.  
Research Questions 
This research epitomized a mixed methods case study following a convergent 
design (Creswell, 2015) in which five data sets from four sources were collected over 
three phases to triangulate three constructs: OTL, TE, and SA.  The four data sources 
include two survey instruments, an interview protocol, and curriculum resource 
documents.  The aforementioned data were utilized to fulfill the purpose and goal of this 
study, that is, to offer the case school district a comparative analysis of opportunities to 
learn math and science, teachers’ efficacies, and students’ attitudes, and make 
recommendations to enhance OTL, TE, and, ultimately, SA.  Three central research 
questions guided this study, with six sub-questions to organize the findings as follows: 
1. How do the opportunities to learn math and science influence students’ attitudes 
toward STEM? 
a) What are students’ attitudes toward STEM? 
b) What is the extent of the opportunity to learn math? 
c) What is the extent of the opportunity to learn science? 
2. How do teachers’ math and science teaching efficacies influence students’ attitudes 
toward STEM? 
a) What are teachers’ attitudes towards STEM?  
b) What are teachers’ math teaching efficacies? 
c) What are teachers’ science teaching efficacies? 
3. How are math and science being taught in relation to each other? 
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The Conceptual Framework 
Introduction to the Conceptual Framework 
In recent years, the use of STEM pipeline to describe connecting students in their 
earliest years in school to a post-secondary college major and/or career in a STEM-
related or STEM-capable field has become commonplace (e.g. Donovan, Mateos, 
Osborne, & Bisaccio, 2014; NSB, 2010; PCAST, 2012; Ralston, Hieb, & Rivoli, 2013; 
Wiebe, Faber, Corn, Collins, Unfried, & Townsend, 2013).  The importance of creating a 
robust K–12 STEM pipeline has been deemed critical to the future of American global 
competitiveness (Ralston, Hieb, & Rivoli, 2013).  Students’ achievement in science and 
math has become the single most prominent educational outcome used to indicate the 
viability of student flow through the metaphorical STEM pipeline (Donovan, Mateos, 
Osborne, & Bisaccio, 2014).  This is most likely a result of our primary current national 
educational policy, NCLB, which mandates its measure, along with the economic 
imperative associated with it.  Figure 1.1 shows the author’s conception of students’ 
attitudes paralleling students’ achievement, both as an educational outcome and as an 
indicator of STEM pipeline flow.  The figure shows the two science and math influences, 
opportunity to learn and teachers’ efficacy, on the two educational outcomes, students’ 
achievement and students’ attitudes.  These outcomes represent distinct domains of 
human knowledge, the cognitive and the affective, both of which have been deemed 
important to the STEM pipeline (Wiebe, Faber, Corn, Collins, Unfried, & Townsend, 
2013).  Zollman (2012) asks us to not only consider the cognitive and affective domains 
of learning, but also the psychomotor.  He indicates that we are in the STEM generation 
and we need STEM literacy to satisfy our societal, economic, and personal needs.  In 
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other words, we need a viable flow of students through the STEM pipeline.   
Rationale for the Conceptual Framework 
The choice to use opportunity to learn as a construct in this study originated with 
Schmidt and Maier’s (2009) identification of OTL as one of the most important policy 
variables today because of its consistent relationship, historically and internationally, to 
students’ achievement.  The choice to use teachers’ efficacy as construct in this study 
originated similarly; TE is a construct that has been well-established in the literature 
since its inception in the ‘70s (Armor et al., 1976; Bandura, 1977; Berman, McLaughlin, 
Bass, Pauly, & Zellman, 1977) and TE has also been shown to be strongly related to 
students’ achievement (Eells, 2011).  Additionally, TE has been described as a crucial 
mediator of teachers’ practice (Pajares, 1992; Yung, 2006; Davis, 2008) with the beliefs 
that teachers have about themselves and their teaching affecting daily decisions regarding 
how to use allotted instructional time to cover eligible content, and to what extent.  Thus 
TE factors into choices regarding OTL.  Research relating OTL and TE solidified the 
interest in including both constructs in the study as Lumpe, Czerniak, Haney, and 
Beltyukova (2012) have shown that instructional time, a component of OTL, predicted 
TE.   
The choice to use students’ attitudes as the third construct in this study was based 
on the emerging need in the literature to position students’ attitudes as a comparable 
educational outcome to students’ achievement (Sjøberg & Schreiner, 2010).  Whereas 
both OTL (Blank, 2013; Schmidt, 2011) and TE (Eells, 2011) have been shown to be 
related to students’ achievement, only TE has been related to students’ attitudes (Al-
Alwan & Mahasneh, 2014) while OTL has not.  Research relating students’ achievement 
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and students’ attitudes (Åström, 2010; Mullis, 2002), however, solidified the interest in 
pursuing students’ attitudes as an educational outcome comparable to students’ 
achievement.   
Definition of Terms 
1. Academic Standards 
Standards are targets, blueprints, or roadmaps, setting the destination of what we 
want our students to know and be able to do by the end of their K–12 experience 
(Carmichael et al., 2010).  Standards not only articulate the critical content students need 
to learn, but they also properly sequence and prioritize that content so that teachers at 
each grade level can clearly and consistently see where to focus their time and attention 
to ensure that students are not only college-and-career ready  (Lerner et al., 2012).  
Standards, especially science standards, have a real significance in ensuring the scientific 
literacy of the American people and the future economic competitiveness of the United 
States (Gross et al., 2005). 
2. Opportunity to Learn 
Opportunity to learn (OTL) is defined as “coverage of particular content for a 
given amount of time” (Schmidt & Maier, 2009, p. 555).   Although Hernandez, Bodin, 
Elliott, Ibrahim, Rambo-Hernandez, Chen, and de Miranda (2014) expanded the 
definition of OTL to include three components: a) the amount of time devoted to subject-
specific content, b) the extent of subject-specific coverage, and c) the order of subject-
specific coverage, this study focuses on the former two components.  First, instructional 
time (IT) is defined as the self-reported average amount of class time that teachers devote 
to a specific subject per day.  Second, extent of coverage of eligible content (EC) is 
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defined as the self-reported degree (in-depth, somewhat, or not at all) to which teachers 
cover the content of legally mandated state standards in specific subjects during the 
school year.  In Pennsylvania, statements of eligible content are the most specific grade-
by-grade, subject-by-subject descriptions of the skills and concepts assessed annually on 
the mandated Pennsylvania State System of Assessments (PSSAs).  Statements of EC are 
organized under broad subject reporting categories or domains, which are consistent 
among grade levels for a particular subject.  Statements of EC, however, vary.   
At the upper elementary level, math EC for fourth-grade is defined by 40 
statements, while fifth-grade is defined by 25 statements.  Math EC among all grades is 
clustered under the following five domains: a) numbers and operations in base ten, b) 
numbers and operations – fractions, c) operations and algebraic thinking, d) geometry, 
and e) measurement and data.  These domains are based on those of the National Council 
of Teachers of Mathematics (NCTM) and the NAPE.  Math EC was newly published in 
2014 standards documents, The Pennsylvania CORE Standards for Mathematics. 
At the upper elementary level, science EC for fourth-grade is defined by 64 
statements, while fifth-grade is defined by 41 statements.  Science EC among all grades is 
clustered under the following four reporting categories: a) the nature of science, b) 
biological sciences, c) physical sciences, and d) earth and space sciences.  These 
reporting categories are based on those of TIMSS and NAPE.  Science EC was published 
in 2002 standards documents, The Pennsylvania Academic Standards for Science and 
Technology (ST) and The Pennsylvania Academic Standards for Environment and 
Ecology (EE), collectively referred to as STEE.  The STEE documents are not to be 
confused with the newer, but not yet state board approved, science standards published in 
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2009, The Pennsylvania Academic Standards for Science, Technology, and Engineering 
Education or STEE. 
3. Scientific Literacy and STEM Literacy 
Scientific literacy is nearly a 60-year-old term that was initially described in over 
?several pages to include the following: an acknowledgement that “most aspects of 
human welfare and social progress are in some manner influenced by scientific and 
technological innovation” and “an awareness of the importance of science and 
technology to social progress and economic security” (Hurd, 1958, p. 16 & p. 52).  The 
association of science with technology evolved to include science-technology-society 
(STS) (DeBoer, 2000; Hurd, 1998) and most recently to include the collective of science, 
technology, engineering, and math (STEM) (Bybee, 2013).  Although scientific literacy 
is an older term, and STEM literacy is a newer term, their meanings and use are 
essentially the same.  The similarity between terms is evident in the following description 
of STEM literacy offered by Zollman (2012): STEM literacy “satisfies societal needs for 
technological advances, economic needs for national security, and personal needs to 
become a fulfilled, productive, knowledgeable citizen” (p. 12).   
4. STEM-capable  
Carnevale, Smith, and Melton (2011) employ the term STEM-capable to describe 
competencies required for a STEM workforce that comprises not only the traditional 
STEM occupations but also those outside STEM occupations, representing an application 
of Carnegie IAS Commission’s (Zimba, 2009) imperative that “all young Americans 
should be educated to be STEM-capable… no matter where they live, what educational 
path they pursue, or in which field they choose to work” (p. vii) as “nearly every worker 
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will need to be STEM-capable, or knowledgeable about science and math, even beyond 
the professions that require specialized science, technology, engineering, or mathematics 
training” (p. 9).  
5. STEM Pipeline 
A term used extensively in the recent literature (e.g. Donovan, Mateos, Osborne, 
& Bisaccio, 2014; NSB, 2010; PCAST, 2012; Ralston, Hieb, & Rivoli, 2013; Wiebe, 
Faber, Corn, Collins, Unfried, & Townsend, 2013) to describe a metaphorical connection 
of K–12 students to a post-secondary college major and/or career in a STEM-related or 
STEM-capable field.  The concept of a STEM pipeline may have originated with Hilton 
and Lee’s (1988) use of educational pipeline to describe student interest and persistence 
in science.  A similar term, engineering pipeline, has also been used (Lowell, Salzman, 
Bernstein, & Henderson, 2009). 
6. Students’ Attitudes toward STEM 
Although Logan and Skamp (2008) refer to attitudes toward science as simply 
indicating whether a person likes or dislikes it, the construct attitude is hardly that naïve.  
In this study, students’ attitudes toward STEM is a multidimensional construct in terms of 
the meaning and measure of both attitude and STEM.  First, the acronym STEM 
represents four distinct knowledge domains: science, technology, engineering, and math.  
Second, the phrase attitudes toward is used in a narrow sense in the present study to 
describe two sub-constructs: confidence in subject and perception of subject usefulness, 
which have been labeled elsewhere as self-esteem or self-concept in subject and value of 
subject, respectively (Osborne, Simon, & Collins, 2003) of students’ attitudes towards 
science and math.  Students’ attitudes toward engineering and technology include a third 
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sub-construct: enjoyment of or interest in subject.  The instrument utilized in this study, 
Student Attitudes towards STEM Survey: Upper Elementary (4th-5th grades) or S-STEM-
EL (Friday Institute, 2012), contains three subject-specific measures for the two or three 
aforementioned sub-constructs of attitude among the many that have been described in 
the literature.  Additional sub-constructs not measured or discussed in this study originate 
primarily from two influential instruments designed in the ‘70s to measure students’ 
attitudes toward math.  The additional sub-constructs of attitudes toward a subject 
include: perception of teacher’s influence on subject, subject anxiety, motivation in 
subject (Sandman, 1973), success or achievement in subject, perception of subject as a 
male domain, perception of father’s influence on subject, perception of mother’s 
influence on subject (Fennema & Sherman, 1976), perception of peers’ attitudes toward 
subject, the nature of the classroom environment, and fear of failure in subject (Osborne, 
Simon, & Collins, 2003).   
7. Teacher Efficacy and Attitudes toward STEM 
In this study, both efficacy and attitude are measured by the Teacher Efficacy and 
Attitudes towards STEM Survey: Upper Elementary (4th – 5thgrades) instrument or T-
STEM-EL (Friday Institute, 2012).  T-STEM-EL is a nine-section, 88 question 
instrument that consists of nine subscales: a) Personal Math Teaching Efficacy Belief 
Subscale (PMTEBS), b) Math Teaching Outcome Expectancy Subscale (MTOES), c) 
Personal Science Teaching Efficacy Belief Subscale (PSTEBS), d) Science Teaching 
Outcome Expectancy Subscale (STOES) e) student technology use, f) STEM instruction, 
g) 21st century learning, h) teacher leadership attitudes, and i) STEM career awareness.  
The first two subscales regarding math teaching and the first two subscales regarding 
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science teaching can be collapsed into broader subscales known as the Math Teaching 
Efficacy Belief Inventory (MTEBI) and the Science Teaching Efficacy Belief Inventory 
(STEBI), respectively.  Together, MTEBI and STEBI comprise half of the T-STEM-EL 
survey and represent the two sub-constructs of efficacy: personal or self-efficacy personal 
and general or outcome expectancy (Gibson & Dembo, 1984). The remaining four 
subscales of T-STEM-EL measure attitudes, which is a multidimensional construct, as 
mentioned above.  However, the attitude measured in these subscales is not previously 
defined sub-construct of attitude; these questions instead serve to supplement the 
construct opportunity to learn, as the nature of instruction is probed.  For this reason, the 
study focuses on teacher efficacy, rather than teacher attitudes, as a construct. 
Assumptions, Limitations, and Delimitations 
Assumptions 
This study involves several assumptions regarding the nature of STEM education.  
First, ensuring a viable flow of students K–12 through the STEM pipeline, by integrating 
STEM subjects, is a worthwhile educational goal.  Second, in order for STEM integration 
to occur within the schools of any district, the OTL math and science ought to be 
comparable and complementary.  Third, in order for STEM integration to occur, TE 
toward math and science ought to be comparable and complementary.  Fourth, a viable 
flow of students through the STEM pipeline ought to be partially indicated by students’ 
attitudes toward math and science, which are also comparable and complementary, and 
partially indicated by students’ achievement.  
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Limitations 
The findings of this study may only be generalizable to school districts in 
Pennsylvania due to the fact that opportunity to learn is partially defined by coverage 
eligible content, which varies from state to state.  Additionally the findings may only be 
generalizable to those schools within Pennsylvania that have daily schedules similar to 
the case school district’s due to the fact the opportunity to learn is also partially defined 
by instructional time, which varies from school to school.  The findings of this study 
reflect self-reported survey and interview data, thus depend heavily on the honesty of the 
teachers and students in answering questions they are asked.  Additionally, there are no 
published T-STEM-EL and S-STEM-EL score ranges to categorize results as the present 
study seeks a novel application of these survey instruments, as an influence and outcome, 
respectively.   
Delimitations  
Schmidt and Maier (2009) indicate that “it is most realistic to depict students’ 
opportunity to learn at the district or school level” (p. 541), thus the present study 
explored opportunity to learn in a single school district, which comprised the case study.  
The adolescent age range of 10- through 14-years old, or fourth through ninth grades, has 
been identified as a critical period for creating interest in science (Osborne, Simon, & 
Tytler, 2009), if not also math.  Thus, the present study focused on the beginning grades 
of this critical period, fourth and fifth grade, which correspond to the upper elementary 
level.  The choice to not include secondary students was based on the fact that the 
instruments selected for use in this study were designed for elementary students and 
teachers, specifically upper elementary, as is evident in their respective names: Student 
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Attitudes towards STEM (S-STEM) Survey: Upper Elementary (4th-5th grades) or S-
STEM-EL and Teacher Efficacy and Attitudes towards STEM (T-STEM) Survey: Upper 
Elementary (4th-5th grades) or T-STEM-EL. 
Summary 
In this Chapter, the purpose of the study was presented: to better understand 
influences on upper elementary students’ attitudes (SA) toward STEM subjects and 
careers through exploring opportunity to learn (OTL) and teacher’s efficacy (TE) in the 
comparative contexts of math and science.  The study design was outlined:  a mixed 
methods convergent approach so that data could be “triangulated” from four sources, 
allowing the findings to corroborate each other with more reliability.  The overall goal of 
this study was also presented: to offer the case school district a comparative analysis of 
opportunities to learn math and science, teachers’ efficacies, and students’ attitudes and 
to make recommendations to enhance OTL, TE, and ultimately SA.  
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Figure 1.1   
Researcher’s Conception of Science and Math Influences and Indicators of Student Flow 
in the STEM Pipeline 	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CHAPTER 2: THE LITERATURE REVIEW 
Introduction 
This Chapter reviews the three constructs of this study, opportunity to learn (OTL), 
teachers’ efficacy (TE), and students’ attitudes (SA), presented as literature streams.  
Each stream begins with an overview of the construct’s meaning and measure.  The two 
constructs positioned as an influence in this study, OTL and TE are reviewed first.  
Following a review of their history, the literature connecting aspects of each of OTL and 
TE to the educational outcomes− students’ achievement and students’ attitudes− is 
presented.  The construct positioned as the outcome of interest in this study, SA, is 
presented last.  Following a historical overview of SA is a presentation of the literature 
relating SA to students’ achievement.  Each of the three constructs will be discussed both 
in a general context as well as in the specific contexts of math and science.  
Stream 1: Opportunity to Learn 
Introduction to Opportunity to Learn 
Opportunity to learn (OTL) has been described as “a rather uncomplicated concept” 
(Schmidt & Maier, 2009, p. 541) yet its intended function, to make “up the difference 
between the resources available to the most and least privileged” (Ravitch, 2007, p. 159), 
is ambitious.  Opportunities to learn academic content, or the extent of coverage of 
eligible content (EC) for subjects during established instructional time (IT), are not 
distributed evenly among districts, schools, and classrooms throughout the United States 
(e.g. Blank, 2013; Levy, Pasquale, & Marco, 2008; and Schmidt & Maier, 2009).  The 
United States mandates neither a national curriculum of EC, nor daily, weekly, or annual 
IT, for any subject.  Although both content and time have been identified as inequitable 
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nationwide, enhanced content has been the focus of policy efforts that promote equitable 
OTL. 
OTL: Instructional time.  The nation’s dominant educational policy of today, 
The No Child Left Behind Act of 2001 (NCLB), originated in the early 2000s to ensure 
equitable content coverage, not equitable instructional time.  Even though NCLB does 
not mandate that specific amounts of time be devoted to specific subjects, the fact that 
seven tests in math and English language arts (ELA) are mandated during a student’s 
compulsory school experience does implicitly and, in reality, negatively impact 
instructional time for other subjects, particularly at the elementary level where teachers 
are not held to a bell schedule.  The focusing of instructional time on math and ELA isn’t 
necessarily a new trend; however, as education has historically emphasized the three Rs – 
reading, writing, and arithmetic.  Together, the historical focus on math and ELA and the 
contemporary reality of nearly half of the school districts across the country reporting 
reduced instructional time for science in the wake of NCLB (Levy, Pasquale, & Marco, 
2008), both have resulted in less instructional time for science compared to math and 
ELA.  Considering that science is the primary vehicle for the STEM collective (Bybee, 
2013; Sjøberg & Schreiner, 2010) and that STEM education has been deemed an urgent 
national priority, declining IT for science is concerning.  Considering also that students’ 
achievement in science has been predicted by IT in science (Blank, 2013), declining IT 
for science is even more concerning.  
OTL: Extent of eligible content coverage.  NCLB was enacted, in part, 
to ensure equitable content coverage among the states by requiring each to adopt 
“challenging academic content standards.”  By 2007, all 50 states had 
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accomplished the task by establishing individual content standards in ELA, math, 
and science, among other subjects.  In 2010, a trend emerged among states to 
establish more uniform and less individualistic challenging academic content as 
states began to adapt national standards in ELA and math known as the Common 
Core State Standards (CCSS).  The rationale for CCSS was that national standards 
would be higher and “aligned to the expectations of colleges, workforce training 
programs, and employers. The standards [would] promote equity (NGA & 
CCSSO, 2010, para. 6).  In 2013, states began adopting national standards in 
science known as the Next Generation Science Standards (NGSS), but to a lesser 
extent than CCSS.  By 2014, 46 states had adopted Common Core ELA standards, 
45 states had adopted Common Core Math, standards, and only 12 states had 
adopted NGSS.  Additionally, 12 states had adopted new national, computer-
based PARCC assessments aligned to the CCSS and named after the Partnership 
for Assessment of Readiness for College and Careers (PARCC) that developed 
them.  
The trend toward national curricula was supported in the Thomas B. Fordham 
Institute’s State of the State Science Standards publication (Lerner et al., 2012).  The 
authors indicate that the “variability in the quality of standards is as unacceptable as it is 
unnecessary” (p. 4).  Despite support and development, 2015 reflects a standstill in the 
trend toward national curricula and assessments, as no new states have adopted CCSS or 
NGSS.  In fact, four states have repealed their adoption of CCSS and two states have 
withdrawn from PARCC assessments.   
Student achievement and EC coverage: Standards and assessments.  In aiming 
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to ensure equitable content coverage, NCLB mandated a measurable outcome.  Thus 
states created standards-aligned assessments in order to measure student achievement.  
Students’ scores on these assessments were categorized into performance levels: 
advanced, proficient, basic, and below basic, with only the former two categories 
counting as “successful.”  Thus student achievement, as determined by test scores, began 
to serve as the sole student outcome focused on in education today, the outcome to which 
teachers, administrators, schools, districts, and states are held accountable.  The United 
States had entered the Age of Accountability (NRC, 2012). 
NCLB mandated states, during the 2004-2005 school year, to commence annual 
testing of students in grades 3-8 and once in high school in math and ELA for a total of 
seven times.  Two years later, during the 2007-2008 school year, states were mandated to 
commence annual testing in science, but not seven times as required for math and ELA.  
Instead, science testing was required for only three times to be determined specifically by 
each state, but to be distributed among each of the three levels of public education: 
elementary, grades 3-5; middle, grades 6-8; and high school, grades 10-12.  Pennsylvania 
opted to test students in grades 4, 8, and 11.  The standards-aligned tests were called the 
Pennsylvania System of School Assessments (PSSAs).   
The coverage of math and science EC in Pennsylvania.  Pennsylvania’s first 
iteration of math standards, as those of many other states, were based on the National 
Council of Teachers of Math’s (NCTM) Curriculum and Evaluation Standards for 
School Mathematics published in 1989 (Raimi & Braden, 1998).  Pennsylvania’s first 
iteration of science standards, as those of many other states, was based on two well-
known national standards models of the time. Those models were the American 
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Association for the Advancement of Science’s (AAAS), under their Project 2061 
Initiative, Benchmarks for Science Literacy, published in 1993, and the National 
Academy of Science’s (NAS) National Science Education Standards (NSES), published 
in 1996 (Finn & Perilli, 2000).  In order to assist teachers in aligning the content of the 
standards’ documents with their curriculum and instruction, and ultimately with students’ 
achievement, Pennsylvania created subject- and grade-specific Assessment Anchors 
documents.  The most recent version for math was published in 2014 and for science was 
published in 20101.  The Assessment Anchors organized the lengthy content of the 
academic standards into reporting categories or domains similar to those of established 
national tests, the National Assessment of Educational Progress (NAEP) and the Third 
International Mathematics and Science Study (TIMSS).  Under the reporting categories 
and domains were statements of eligible content, designed to offer the “most specific 
description of the skills and concepts on the PSSA” (PDE, 2014).  With the Assessment 
Anchors both aligning and specifically streamlining the content by grade, it is unlikely 
that teachers or administrators reference the original Standards documents in day-to-day 
instruction.  So while the literature refers to standards, educators, at least in 
Pennsylvania, refer to eligible content. 
PA standards in the literature.  Standards or coverage of eligible content are not 
necessarily supported by research, yet are required by law.  Consequently, researchers at  
the Fordham Institute, have made an effort to “grade” the standards.  In 1998, the 
Fordham Institute conducted its first review both of state science standards and of state 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1  The 4th grade Science Assessment Anchors document indicates a publication date of 2007, while 5th grade indicates 2010. The 
standards referenced by number in both of these documents are those published in 2009, indicating that 2007 is a typographical error.  
The information in these documents is also identical to the current information obtained from PDE’s SAS website.  The original 
Science Assessment Anchors documents from 2007 refereeing the 2002 standards could not be found online.  The information is 
unlikely to have changed from 2007 to 2010, other than the numbering of the standards, because the 2009 standards are neither 
approved by the State Board of Education, nor used to align the Science PSSA. 
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math standards, publishing the results in The State of the State Science Standards (Lerner, 
1998) and The State of the State Math Standards (Raimi & Braden, 1998), respectively.  
Fordham researchers evaluated states’ standards for content and rigor and for clarity and 
specificity.  The most recent review of states’ math standards was conducted in 2010, 
following the publication of the national Common Core State Standards (CCSS), and 
revealed most states’ math standards to be a “C” (Carmichael et al., 2010).  The most 
recent review of states’ science standards was conducted in 2013, following the 
publication of the national Next Generation Science Standards (NGSS), and revealed 
most states’ science standards to also be a “C” (Porter-Magee, Wright, & Horn, 2013; 
Gross et al., 2013). 
This indicates that Pennsylvania’s ST standards are at least as good as science 
standards in other states and are also at least as good as the NGSS; the Science and 
Technology and Engineering Education (STEE) standards are not.  Prior to adopting the 
CC math, Pennsylvania’s standards were at least as good as math standards in other 
states.  Having adopted the CC math standards, Pennsylvania’s current math standards, 
Core Standards for Mathematics, are expected to be similar to the grade earned by CC 
math standards mentioned above as “A-.” 
In 2010, Pennsylvania’s math standards were graded as an “F” (Carmichael et al., 
2010).  The current grade is unknown, as PA adopted CCSS math, which earned an A-.  
In 2012, PA’s science standards, the newly drafted Science and Technology and 
Engineering Education (STEE) standards, were reviewed and received a grade of “D,” 
one of the worst in the country with only ten states ranking lower (Lerner et al., 2012) 
and lower than NGSS which earned a “C” (Gross et al., 2013).  The Environment and 
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Ecology document, the other set of standards comprising science in PA, was not 
analyzed.  Overall, the grade the STEE standards earned is not very meaningful at the 
moment as they are not currently the standards mandated to be taught or referenced..   
In 2013, researchers (Koehler, Faraclas, Giblin, Moss, & Kazerounian, 2013) 
compared each state’s science standards against a set of guidelines called the Engineering 
Education Frameworks (EEF).  The EEF identifies 13 content strands: power & energy, 
information & communications, transportation, food & medicine, environmental, 
structural, manufacturing, problem solving, decision making, engineering paradigm, 
tools, systems, and socioeconomic.  First, the state standards were evaluated for the depth 
of EEF content; one point was awarded every time a standard statement was identified as 
one of the 13 EEF strands; the maximum score is not limited.  Pennsylvania’s STEE 
standards earned a score of 18, the highest in the country, ranking PA’s STEE standards 
number one.  The average national depth score was 4.7.  Second, the state standards were 
evaluated for the breadth of EEF content; one point was awarded for the presence of each 
of the 13 EEF strands; the maximum score is limited to 13.  Pennsylvania’s STEE 
standards earned a score of 11, the highest in the country, again, ranking PA’s STEE 
standards number one in breadth.  The average national breadth score was 3.1.   
Considering that the STEE standards analyzed by the researchers are neither 
mandated by the PA School Code, nor aligned to the Science PSSA, it is questionable 
whether teachers are even referencing them in their instruction.  Additionally, 
considering the low ranking of the STEE standards by the Fordham Institute and the fact 
that both the Fordham Institute and Connecticut researchers did not review the other 
document containing science standards, Environment and Ecology, the high ranking of 
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Pennsylvania’s “science” standards in this case must be interpreted very cautiously. 
First, Pennsylvania updated its ST standards to STEE in 2009, yet the State Board 
of Education, despite nearly six years elapsing since their publication, has not approved 
the STEE standards.  Even though the STEE standards are completely voluntary, they are 
the only standards available on PDE’s Standards Aligned System (SAS) website.  This is 
misleading to anyone visiting the SAS site.  On the surface Pennsylvania supports science 
education progressing towards an integration of the STEM collective, as indicated by the 
standards’ name, Science and Technology and Engineering Education.  Yet, the inability 
of STEE standards to legally replace the ST standards indicates otherwise.  Second, 
Pennsylvania has maintained two separate documents for science standards since 2002.  
Not only is it not obvious that science content is distributed between two documents, it is 
also not concise.  This leads to Pennsylvania’s third problem with science standards – the 
amount of content.  Compared to math at both 4th and 5th grade, there is 60% more 
science content.  
OTL and students’ outcomes: Achievement and attitudes.  Despite nearly a 
decade having passed since the implementation of state academic standards across the 
United States, little empirical research has been done to explore relationships between the 
quality of standards and student outcomes, particularly student achievement.  Given the 
political interest and investment in the standards, which are supposed to serve as “the 
foundation upon which almost everything else rests—or should rest” (Carmichael et al., 
2010, p. 1), the lack of clear, consistent, and convincing evidence that standards have any 
connection to students’ success is astonishing (Whitehurst, 2009).  Schmidt (2011) 
indicated that strong content coverage and rigorous standards impact student achievement 
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while Whitehurst (2009) showed that content coverage was not significantly related to 
student achievement.  Schmidt’s (2011) research built upon his previous reviews of OTL 
measures and their relation to student achievement.  Although Schmidt discussed only 
one component of OTL, coverage of   standards or EC, its measure could have easily 
included teachers’ consideration of IT (Schmidt & Maier, 2009), offering an explanation 
of why his conclusion on content coverage was different from Whitehurst’s (2009).  OTL 
as an entire construct has been shown to be significantly related to student achievement 
based on analysis of the International Association for the Evaluation of Educational 
Achievement (IEA) studies: the International Study of Achievement in Math in the 
sixties, which became FIMS for first international math study; the Second International 
Math Study (SIMS) in the eighties; and the Third International Mathematics and Science 
Study (TIMSS) in the nineties.  Schmidt and Maier (2009) reviewed the IEA studies and 
noted that even though more OTL was associated with higher achievement, questions 
measuring OTL focused explicitly on determining the amount of content, IT was most 
likely embedded in teachers’ perceptions of adequate opportunity. 
Some researchers have taken a more nuanced approach to assessing the impact of 
standards on students.  For example, Bathgate, Schunn, and Correnti (2014) explored 
science topics relating to students’ attitudes.  The researchers showed that elementary 
students were highly motivated by science topics they liked or preferred and suggested 
that linking students’ content preferences to less preferred content could be highly useful 
in motivating students to learn.  The authors’ research supports interest in the literature in 
positioning students’ attitudes as an educational outcome as worthwhile as students’ 
achievement.  “Positive attitudes could be a stronger stimulus for students’ commitment 
	  	  
29 
to science… [in their postsecondary pursuits] because high academic achievement by 
itself is not a guarantee that a student would choose a science-related career” (Nadirova 
& Burger, 2008, p. 31). 
Stream 2: Teachers’ Efficacy 
Introduction to Teachers’ Efficacy 
 Teachers’ efficacy (TE) represents a multidimensional construct with a distinct 
history discussed below.  TE originated as a general construct in the 1970s and then 
evolved into a subject specific construct in the 1990s.  Its measure, however, has been 
consistent.  Despite an emerging interest in the STEM collective in education, the 
measure of TE remains traditional in the sense that teachers’ efficacies are still measured 
in relation to traditional subjects taught in isolation; math teaching efficacy is measured 
separately from science teaching efficacy.  Attempts to measure teachers’ “efficacies” in 
subjects without established instruments, such as engineering or technology, alongside 
subjects with established efficacy instruments, such as math and science, have resulted in 
efficacy instruments that include additional attitude scales. 
History of Teachers’ Efficacy: Meaning and Measure 
 The conceptualization and evolution of teacher efficacy has an interesting history 
of more than fifty years (Eells, 2011; Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998; 
Goddard, Hoy, & Woolfolk Hoy, 2000; Tschannen-Moran & Woolfolk Hoy, 2001).  TE 
is most notably associated with the work by RAND (Research ANd Development) 
researcher’s who identified teachers’ attributes related to students’ improvement in 
reading (Armor et al., 1976; Berman, McLaughlin, Bass, Pauly, & Zellman 1977) or with 
the work of Albert Bandura in theorizing self-efficacy (1977). 
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 The first researchers to successfully unify the ideas of RAND researchers and 
Bandura strands were Gibson and Dembo (1984), when they designed a 16-questions 
instrument to measure teacher efficacy, appropriately called the Teacher Efficacy Scale 
(TES).  The TES originated with two questions from the RAND researchers’ (1976) 
instrument: a) “If I try really hard, I can get through to even the most difficult or 
unmotivated students,” and b) “When it comes right down to it, a teacher really can’t do 
much because most of a student’s motivation and performance depends on his or her 
home environment.”  Gibson and Dembo (1984) reworded question 1 as follows, “When 
I really try, I can get through to most difficult students,” and aligned it, along with eight 
other questions, to Bandura’s (1977) self-efficacy.  The resulting nine questions on the 
TES became known as personal teaching efficacy (PT).  Gibson and Dembo (1984) 
reworded question 2 as follows, “A teacher is very limited in what he/she can achieve 
because a student’s home environment is a large influence on his/her achievement,” and 
aligned it, along with six other questions, to Bandura’s (1977) outcome expectancy.  The 
resulting seven factors on the TES became known as outcome expectancy (OE), 
sometimes referred to as general teaching efficacy.  Thus the notion and measure of TE 
evolved into a construct consisting of two factors, PT and OE, which have remained 
consistent to the present day. 
 In the 1990s, Bandura began to describe an emergent group-level property 
regarding the performance capability of teachers as a whole social or organizational 
system, which he called perceived collective efficacy (1997).  Goddard, Hoy, and 
Woolfolk Hoy (2000) designed an instrument to measure the new permutation and called 
it the Collective Teacher Efficacy Scale (CTE), which was later modified into the 
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Collective Teacher Belief Scale or CTBS (Tschannen-Moran & Barr, 2004).  Considering 
that schools operate as a collective, with teachers, among others, contributing to the 
school’s overall success or failure (Eells, 2011), collective teacher efficacy (CTE) has 
become a contemporary iteration of TE used explicitly in the socio-organizational context 
of education. 
 In addition to the conceptualization of CTE and the corresponding design of CTE 
measures in the 1990s, subject-specific teacher efficacy scales emerged as well.  In 1990, 
Riggs and Enochs developed the Science Teaching Efficacy Belief Instrument (STEBI) 
based on the work of Gibson and Dembo (1984).  Their 25-question instrument 
maintained the two sub-constructs comprising teachers’ efficacy, PT and OE, yet they 
modified the factors to be science-specific, resulting in the following two subscales: 
personal science teaching efficacy belief subscale (PSTEBS) and science teaching 
outcome expectancy subscale (STOES).  Reliability was conducted on the subscales, 
strengthening Gibson and Dembo’s work, with alpha coefficients of 0.92 and 0.77 for 
PSTEBS and STOES, respectively.  A decade later, STEBI was modified for math by 
Enochs, Smith, & Huinker (2000).  The instrument was called Math Teaching Efficacy 
Belief Instrument (MTEBI) and consisted of 21 questions grouped also into two 
subscales: personal math teaching efficacy belief subscale (PMTEBS) and math teaching 
outcome expectancy subscale (MTOES).  Four items were removed from the later 
subscale with no change in reliability, as the alpha coefficient for MTOES remained 0.77.  
Subtle changes to the wording of questions occurred, as shown in Tables 2.1 and 2.2, to 
maintain the meaning as appropriate for math.  For example the words “activity” and 
“manipulative” were used in MTEBI in lieu of “experiment” used in STEBI.  Whereas 
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the STEBI was originally designed for elementary, in-service teachers, the MTEBI has 
been modified to include administration to both secondary teachers and pre-service 
teachers in order to assess efficacy among a broader range of teachers. 
 In the current educational climate in which an interest in the STEM collective, 
exists, rather than just in isolated subjects, an instrument was designed not only to 
measure both math and science TSs and OEs, but also components related to teachers’ 
“efficacies” in technology, engineering, and twenty-first century learning.  Since the 
latter subjects do not have their own efficacy instruments, the measure of them has been 
labeled “attitudes.”  The Friday Institute for Educational Innovation’s the Teacher 
Efficacy and Attitudes towards STEM (T-STEM) Survey Instrument was created in 2012 
and represents a contemporary permutation of STEBI and MTEBI.  
TE and Students’ Outcomes: Achievement and Attitudes   
 When RAND researchers in the 1970s serendipitously developed the concept of 
teacher efficacy, they also became the first researchers to link TE to student achievement 
(Armor et al., 1976; Berman, McLaughlin, Bass, Pauly, & Zellman 1977) in the area of 
reading.  Ashton and Webb (1986) in the eighties demonstrated a relationship between 
TE and students’ overall achievement.  Bandura (1997) in the 1990s, using the collective 
teacher efficacy construct, demonstrated its relationship to students’ reading and math 
achievement, as did several others (e.g. Goddard, 1998; Goddard, Hoy, & Woolfolk Hoy, 
2000 and 2004; Ross, Hogaboam-Gray, & Hannay, 2001).  In the 2000s, Tschannen-
Moran and Barr (2004) expanded the student achievement associated with CTE to 
include the full complement of the reading, writing, and math, and demonstrated 
significant positive relationships between CTE and students’ achievement in each subject 
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area.  The relationship between CTE and students’ achievement was further strengthened 
in 2011 when Eells performed the first meta-analysis, reviewing 26 studies conducted 
between 1994 and 2010 by various institutions across the United States, United Kingdom, 
Canada, and Nigeria, bringing an international significance to the research.  Eells (2011) 
also expanded the subject areas included under student achievement beyond the three R’s 
to incorporate science and social studies.  The studies in her analysis each used a different 
standardized test to measure students’ achievement in various subjects, and three 
different instruments were used among the studies to measure CTE.  The data she 
collected also represented elementary, middle, and high school students and teachers as 
well as urban, suburban, and rural schools.  Despite the diversity among the data, Eells 
(2011) concluded that CTE and student achievement are strongly related independent of 
subject area, grade level, instruments used, or nation.  Thus TE represents not only a 
well-established construct in education, whose meaning and measure have remained 
consistent throughout its nearly 40 year iteration, but also a construct powerfully related 
to students’ achievement.  The same cannot be said about the construct of OTL around 
which current educational policy is based.  
 Interest in positioning students’ attitudes (SA) as an educational outcome as 
worthwhile as students’ achievement is an emerging goal in the literature (Sjøberg & 
Schreiner, 2010) and this is demonstrated by emerging TE research exploring 
relationships to SA.  The research exploring the relationship between TE and SA is, 
unfortunately, not as well established as its relationship to students’ achievement.  A 
recent example includes that of Al-Alwan and Mahasneh (2014), who demonstrated that 
TE was a good predictor of students’ attitudes toward school.  Their sample consisted of 
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nearly 1000 teachers and 2000 high school students in 23 schools in Jordan.  Another 
example includes Etuk, Afangideh, and Uya (2012) who concluded that Nigerian high 
school students’ (N = 640) attitudes toward math were significantly related to their 
perceptions of teachers’ efficacy – knowledge of content, ability to communicate, choice 
of instructional strategies, and competence in classroom management.  The literature 
reviews of both of these studies focused on the relationship of TE to student achievement 
and not to students’ attitudes, exemplifying that research aiming to relate TE and SA is 
truly an emerging interest in the literature.   
Stream 3: Students’ Attitudes 
Introduction to Students’ Attitudes 
The conceptualization and corresponding measurement of students’ attitudes has 
been of interest to researchers for nearly 40 years since the 1970s, as with TE.  However, 
unlike with TE, the defining and measuring of SA is not based on only two sub-
constructs; and, the plethora of constructs that have been defined are not necessarily 
consistently measured together among various instruments.  This has resulted in an 
inconsistent definition of SA and a hodge-podge approach to measuring it.  Among the 
research community interested in SA, there is a difficulty, if not an inability, to 
comparatively analyze the body of literature comprising students’ attitudes.  In fact, just a 
couple of years ago, Blalock et al. (2008) reviewed 66 different instruments measuring 
SA with the aims to promote those instruments established to be most valid and reliable, 
and to implore researchers to stop reinventing the wheel regarding the measurement of 
SA.  Their work indicated that the research on SA had “not met the normative standards 
one might expect of psychometric research” (Osborne, Simon, & Tytler, 2009, p. 3). 
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History of Students’ Attitudes: Meaning and Measure   
Among the earliest measures defining SA, the influence of which is evident 
among contemporary instruments, was Sandman’s Mathematics Attitudes Inventory or 
MAI (1974).  He combined and consolidated the seven most widely used instruments of 
his predecessors from the ‘50s and ‘60s into a 48-question instrument consisting of six 
sub-constructs: perception of mathematics teachers, anxiety towards mathematics, value 
of mathematics in society, self-concept in mathematics, motivation in mathematics, and 
enjoyment of mathematics.  His instrument was designed for secondary students and, as 
is evident in the name, for the subject of math.  Around the same time, Fennema and 
Sherman (1976) published an instrument, the Fennema-Sherman Math Attitudes Scale 
(FSMAS), also for secondary students and the subject of math, that consisted of nine sub-
constructs or subscales, of which the following first five mirror five of the six from the 
MAI: teacher scale, mathematics anxiety scale, mathematics usefulness scale, confidence 
in learning mathematics scale, and effectance motivation scale, attitude toward success in 
mathematics scale, mathematics as a male domain scale, the mother scale, and the father 
scale.  Logan and Skamp (2007) have acknowledged four additional attitudinal sub-
constructs associated with science in the literature: attitudes of peers and friends toward 
science, the nature of the classroom environment, achievement in science, and fear of 
failure in science.  A discussion of only the three research groups Sandman (1974), 
Fennema and Sherman (1976), and Logan and Skamp (2007) showed thirteen different 
sub-constructs of students’ attitudes and exemplified the diversity among educational 
researchers in defining SA.    
 It appears the FSMAS instrument has served as the prototype from which several 
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subsequent student attitudinal instruments were based.  In the 1990s, the FSMAS was 
modified by Doepken, Lawsky, and Padwa (1993) and called the modified-FSMAS.  The 
modifications included the reduction of subscales, from nine to four: perception of 
teacher’s attitudes, personal confidence about the subject matter, usefulness of the 
subject’s content, and perception of subject as a male domain.  The authors also created a 
companion instrument for science, FSSAS.  Contemporary permutations of SA typically 
have maintained measures for the confidence in subject and perception of subject’s 
usefulness sub-constructs.  This is evident in the Women in Engineering (WIE) Attitudes 
toward Science (Erkut & Marx, 2005) and S-STEM (Friday Institute, 2012) surveys as 
well as the TIMSS (2011) student questionnaire.  Questions from FSMAS confidence and 
usefulness subscales, along with the MAI, WIE, S-STEM, and TIMSS are shown in 
Tables 2.3 and 2.4 for comparison. 
SA and Students’ Achievement: Affective and Cognitive Outcomes 
 It is reasonable to assume that factors other than achievement influence students’ 
decisions to persist in their study of particular subjects (Maltese & Tai, 2010).  It seems 
logical that one of those influential factors is SA.  Students with positive attitudes are 
more likely to sustain learning and pursuit of subjects they enjoy (Nadirova & Burger, 
2008).  Although it may seem logical to relate these aspects of students’ attitudes and 
achievement, the actual relationship between students’ attitudes and achievement is not a 
particularly clear one.  Sjøberg and Schreiner (2010) have shown that students’ 
achievement in science, measured by PISA scores, and math, measured by TIMSS scores, 
was negatively correlated to SA toward science.  This was supported by previous work 
by Germann (1988) who found a low correlation between SA toward science and their 
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achievement in science.  However, these studies each used and measured attitude 
differently compared to each other as well as to the use and measure in this study, so care 
must be taken in interpreting the results.  Sjøberg and Schreiner’s (2010) attitude toward 
science class represented an interest in science.  SAs were lower in countries with higher 
achievement, reflecting an ambivalence toward the subject rather than a strictly negative 
correlation.  The authors explain that in developed countries, where science education is 
compulsory, its value is not appreciated; in developing countries, where science 
education is a privilege, its value is appreciated.  Germann’s (1988) attitude toward 
science in school represented an isolated dimension of general attitude toward the subject 
of science without regard to one’s confidence, motivation, interest, perception of parents, 
teachers, peers, or classroom environment, etc.  
 To contrast the aforementioned authors, Mullis (2002) showed the confidence in 
subject sub-construct of attitude, however, to be highly related to students’ achievement 
in math using TIMSS scores.  Likewise Åström (2010) showed students’ achievement in 
science, again using TIMSS scores, to be related to SA. 
Students’ Attitudes toward STEM in the Literature   
It is important to understand, beyond its connection to achievement in math and 
science, the influences on SA (Bathgate, Schunn, & Correnti, 2013; Logan & Skamp, 
2008) toward STEM.  “Attitude research in STEM has been mostly limited to attitudes 
toward each discipline separately” (Guzey, Harwell, & Moore, 2014, p. 273).  Research 
suggests that elementary students’ positive attitudes toward science gradually decline as 
they enter secondary education (Bathgate, Schunn, & Correnti, 2013; Osborne, Simon, & 
Collins, 2003).  Positive attitudes towards science are desirable for the development of 
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not only a scientifically literate population in general, but also a STEM-capable 
workforce (Shumow & Schmidt, 2015).  Maltese and Tai (2011) have shown that positive 
attitudes toward science lead students to pursue careers in science.  Other research has 
suggested that a majority of adults, who secure a STEM-focused career, solidify their 
interest in such a pursuit between the ages of 10 to 14 (Osborne, Simon, & Tytler, 2009). 
Whether or not an early interest in math is also likened to a future STEM-focused career 
is unclear, as science tends to be the school subject focused on in regards to STEM 
(Bybee, 2013) because it is, or should be, naturally inclusive of math (NSTA, 2014; PDE, 
2009a).  However, Thorndike-Christ (1991) did show that SA toward math influenced 
their pursuit of mathematics-related careers (Guzey, Harwell, & Moore, 2014). 
Research has also shown that most students perceive little value in what they are 
expected to learn in school, expressing boredom.  The lack of perceived value has long-
term consequences (Shumow & Schmidt, 2015).  For example, elementary students, who 
have developed negative attitudes toward math and science, may avoid taking 
challenging math and science courses at the secondary level, which may in turn limit 
subsequent post-secondary pursuits involving a STEM-related college major, and, 
ultimately, a STEM-related career (Bathgate, Schunn, & Correnti, 2013).  Thus, 
development of students’ positive attitudes, especially toward science as early as 
elementary school, serves to ameliorate students’ potentially self-limiting career choices. 
The Role of Students’ Attitudes in Pennsylvania 
Although SA towards science and math have become an increasingly significant 
research topic in the realm of STEM education in general (Osborne, Simon, & Tytler, 
2009), it is not a likely focus among teachers, principals, and superintendents in 
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Pennsylvania.  The reason for this is that students’ achievement is the centerpiece of K-
12 education in PA.  This is exemplified in the Pennsylvania Department of Education’s 
(PDE) recently designed Standards Aligned System (SAS) model, as shown in Figure 
2.1.  PDE has identified positioned student achievement as the sole educational outcome 
of interest, influenced by six elements: standards, assessment, curriculum framework, 
materials and resources, instruction, and safe and supportive schools.  Considering the 
constructs presented earlier in the Chapter, the first four elements – standards, 
assessment, curriculum framework, materials and resources – could be perceived as 
relating to OTL.  The instruction element could be perceived as relating to TE, 
specifically the personal teaching efficacy sub-construct.  Finally, the safe and supportive 
schools element could be perceived as relating to SA, but only the nature of the 
classroom environment sub-construct.  PDE’s SAS model clearly shows that 
Pennsylvania values only one educational outcome – students’ achievement.  
Unfortunately influencing and measuring SA is not positioned as equivalent to students’ 
achievement. 
Summary 
This Chapter presented a history of the meaning and measure of the three constructs 
defining this study: opportunity to learn (OTL), teacher efficacy (TE), and student attitudes 
(SA).  The two constructs positioned as influences in this study, OTL and TE, were 
reviewed first and literature relating each to the educational outcomes of students’ 
achievement and attitudes was presented.  Literature specific to the STEM subjects of 
science and math was considered, as was that specific to Pennsylvania.  The Chapter 
concluded with an overview and review of the multi-dimensional construct of SA.	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Table 2.1 
 
Comparison of Personal Teaching Efficacy Questions among Three Teacher Efficacy Instruments 
 
Science Teaching Efficacy 
Belief Scale 
STEBI 25 items 
(Riggs & Enochs, 1990) 
Math Teaching Efficacy  
Belief Scale 
MTEBI 21 items 
(Enochs, Smith, & Huinker, 2000) 
Teacher Efficacy and Attitudes 
toward STEM 
T-STEM 20 items2 
(Friday Institute, 2012) 
Elementary 
In-service Teachers  
(STEBI-A) 
Pre-service Teachers 
(STEBI-B) 
Elementary or Secondary Math; 
In-service or Pre-service 
Teachers3 
In-Service Teachers: 
Elementary (T-STEM-EL4) 
Secondary Science (T-STEM-SS) 
Secondary Engineering (T-STEM-SE) 
Secondary Technology (T-STEM-ST) 
Secondary Math (T-STEM-SM) 
Personal Science (Math) Teaching Efficacy Belief Subscale PSTEBS (PMTEBS) 
α = 0.925; 13 items α = 0.88; 13 items α = 0.85 (science); 11 items 
α = 0.85 (math)6,7; 11 items 
I am continually finding better ways to 
teach science. (Q2) 
I will continually find better ways to 
teach mathematics. (Q2) 
I am continually improving my science 
(mathematics) teaching practice. (Q1) 
Even when I try very hard, I don’t teach 
science as well as I do most subjects. 
(Q3) 
Even if I try very hard, I will not teach 
mathematics as well as I will most 
subjects. (Q3) 
omitted 
I know the steps necessary to teach 
science concepts effectively. (Q5) 
I know how to teach mathematics 
concepts effectively. (Q5) 
I know the steps necessary to teach science 
(mathematics) effectively. (Q2) 
I am not very effective in monitoring 
science experiments. (Q6) 
I will not be very effective in 
monitoring mathematics activities. (Q6) 
omitted 
I generally teach science ineffectively. 
(Q8) 
I will generally teach mathematics 
ineffectively. (Q8) 
I am confident that I can teach science 
(mathematics) effectively. (Q3) 
I understand science concepts well 
enough to be effective in teaching 
elementary science. (Q12) 
I understand mathematics concepts well 
enough to be effective in teaching 
elementary mathematics. (Q11) 
I understand science (mathematics) concepts 
well enough to be effective in teaching science 
(mathematics). (Q6) 
I find it difficult to explain to students 
why science experiments work. (Q17) 
I will find it difficult to use 
manipulatives to explain to students 
why mathematics works. (Q15) 
I am confident that I can explain to students 
why science (mathematics) experiments work. 
(Q3) 
I am typically able to answer students’ 
science questions. (Q18) 
I will typically able to answer students’ 
questions. (Q16) 
I am confident that I can answer students’ 
science (mathematics) questions. (Q8) 
I wonder if I have the necessary skills to 
teach science. (Q19) 
I wonder if I will have the necessary 
skills to teach mathematics. (Q17) 
I wonder if I have the necessary skills to teach 
science (mathematics). (Q5) 
Given a choice, I would not invite the 
principal to evaluate my science 
teaching. (Q21) 
Given a choice, I will not invite the 
principal to evaluate my mathematics 
teaching. (Q18) 
Given a choice, I would not invite a colleague to 
evaluate my science teaching. (Q7) 
When a student has difficulty 
understanding a science concept, I am 
usually at a loss as to how to help the 
student understand it better. (Q22) 
When a student has difficulty 
understanding a science concept, I will 
usually be at a loss as to how to help 
the student understand it better. (Q19) 
When a student has difficulty understanding a 
science (mathematics) concept, I am confident 
that I know to how to help the student 
understand it better. (Q9) 
When teaching science, I usually 
welcome student questions. (Q23) 
When teaching mathematics, I will 
usually welcome student questions. 
(Q20) 
When teaching science, I usually welcome 
student questions. (Q10) 
I don’t know what to do to turn students 
on to science. (Q25) 
I don’t know what to do to turn students 
on to mathematics. (Q21) 
I don’t know what to do to turn students on to 
science. (Q11) 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2  The 20 items refer only to questions of teaching efficacy; T-STEM-EL actually contains 40 items, 20 for science & 20 for math. 
3  As with STEBI-A and STEBI-B, the difference between the version of MTEBI used for pre-service compared to that used for in-
service teachers is modifying the questions to be written in the future tense by inserting “will” as shown in the table. 
4  Although the Friday Institute developed five different T-STEM Instruments, they each are referred to as T-STEM.  The addition of 
the descriptors –EL, –SS, –ST, –SE, and –SM to the instrument abbreviation, T-STEM, was done for clarity and convenience. 
5  Reliability and questions are for STEBI-A.  For STEBI-B PSTEBS α = 0.90. 
6  Reliability and questions listed are for T-STEM-EL; the 43 questions from T-STEM-EL unrelated to efficacy are excluded here.    
For T-STEM-SS PSTEBS α = 0.81; T-STEM-SM PSTEBS α = 0.73; reliability unknown for S-STEM-ST or S-STEM-SE. 
7  The S-STEM-EL includes PSTEBS measures of science and math separately. 
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Table 2.2   
Comparison of Teaching Outcome Expectancy Questions among Three Teacher Efficacy Instruments 
 
Science Teaching Efficacy 
Belief Scale 
STEBI 25 items 
(Riggs & Enochs, 1990) 
Math Teaching Efficacy  
Belief Scale 
MTEBI 21 items 
(Enochs, Smith, & Huinker, 2000) 
Teacher Efficacy and Attitudes 
toward STEM 
T-STEM 20 items 
(Friday Institute, 2012) 
Elementary 
In-service Teachers  
(STEBI-A) 
Pre-service Teachers 
(STEBI-B) 
Elementary or Secondary Math; 
In-service or Pre-service 
Teachers 
In-Service Teachers: 
Elementary (T-STEM-EL) 
Secondary Science (T-STEM-SS) 
Secondary Engineering (T-STEM-SE) 
Secondary Technology (T-STEM-ST) 
Secondary Math (T-STEM-SM) 
Science (Math) Teaching Outcome Expectancy Subscale STOES (MTOES) 
α = 0.778; 12 items α = 0.77; 8 items α = 0.80 (science); 9 items 
α = 0.82 (math)9,10; 9 items 
When a student does better than usual in 
science, it is often because the teacher 
exerted a little extra effort. (Q1) 
When a student does better than usual 
in mathematics, it is often because the 
teacher exerted a little extra effort. (Q1) 
When a student does better than usual in science 
(mathematics), it is often because the teacher 
exerted a little extra effort. (Q1) 
When the science grades of students 
improve, it is most often due to their 
teacher having found a more effective 
teaching approach. (Q4) 
When the mathematics grades of 
students improve, it is most often due to 
their teacher having found a more 
effective teaching approach. (Q4) 
When a student’s learning in science 
(mathematics) is greater than expected, it is 
most often due to their teacher having found a 
more effective teaching approach. (Q3) 
If students are underachieving in 
science, it is most likely due to 
ineffective science teaching. (Q7) 
If students are underachieving in 
mathematics, it is most likely due to 
ineffective mathematics teaching. (Q7) 
If students’ learning in science (mathematics), it 
is most likely due to ineffective science 
(mathematics) teaching. (Q5) 
The inadequacy of a student’s science 
background can be overcome by good 
teaching. (Q9) 
The inadequacy of a student’s science 
background can be overcome by good 
teaching. (Q9) 
The inadequacy of a student’s science 
(mathematics) background can be overcome by 
good teaching. (Q2) 
The low science achievement of some 
students cannot generally be blamed on 
their teachers. (Q10) 
omitted omitted 
When a low achieving child progresses 
in science, it is usually due to extra 
attention given by the teacher. (Q11) 
When a low achieving child progresses 
in mathematics, it is usually due to 
extra attention given by the teacher. 
(Q10) 
When a low achieving child progresses more 
than expected in science (mathematics), it is 
usually due to extra attention given by the 
teacher. (Q7) 
Increased effort in science teaching 
produces little change in some students’ 
science achievement. (Q13) 
omitted Minimal student learning in science 
(mathematics) can generally be attributed to 
their teachers.  (Q9) 
The teacher is generally responsible for 
the achievement of students in science. 
(Q14) 
The teacher is generally responsible for 
the achievement of students in 
mathematics. (Q12) 
The teacher is generally responsible for 
students’ learning in science (mathematics). 
(Q4) 
Students’ achievement in science is 
directly related to their teacher’s 
effectiveness in science teaching. (Q15) 
Students’ achievement in mathematics 
is directly related to their teacher’s 
effectiveness in mathematics teaching. 
(Q13) 
Students’ learning in science (mathematics) is 
directly related to their teacher’s effectiveness 
in science teaching. (Q6) 
If parents comment that their child is 
showing more interest in science at 
school, it is probably due to the 
performance of the child’s teacher. 
(Q16) 
If parents comment that their child is 
showing more interest in mathematics 
at school, it is probably due to the 
performance of the child’s teacher. 
(Q14) 
If parents comment that their child is showing 
more interest in science (mathematics) at 
school, it is probably due to the performance of 
the child’s teacher. (Q8) 
Effectiveness in science teaching has 
little influence on the achievement of 
students with low motivation. (Q20) 
omitted omitted 
Even teachers with good science 
teaching abilities cannot help some kids 
learn science. (Q25) 
omitted omitted 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8  Values listed are for STEBI-A; for STEBI-B STOES α = 0.76. 
9  Values listed are for T-STEM-EL.  For T-STEM-SS STOES α = 0.74; T-STEM-SM STOES α = 0.76; reliability not performed for 
T-STEM-ST or T-STEM-SE. 
10  The T-STEM-EL includes STOES measures of science and math separately. 
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Table 2.3   
Comparison of Confidence Subscale Questions among Six Instruments Measuring 
Students’ Math and/or Science Attitudes*  
MAI (1974) 
Cronbach’s  
α = 0.83 
FSMAS 
(1976) 
Cronbach’s  
α = 0.91 
(Mulhern & 
Rae, 1998) 
Modified-
FSMAS and 
FSSAS 
(1993) 
WIE 
Attitudes 
toward Math 
(2005) 
Cronbach’s 
α = 0.85 
WIE 
Attitudes 
toward 
Science  
(2005) 
Cronbach’s 
α = 0.85 
 
S-STEM 
Math (2012) 
Cronbach’s 
α = 0.84 
S-STEM 
Science 
(2012) 
Cronbach’s 
α = 0.86 
TIMSS 
(2011) 
 
Confidence in Math/Science Subscale Questions 
 
Mathematics 
is easy for 
me. (12) 
For some 
reason even 
though I study, 
math seems 
unusually hard 
for me. (10) 
Math/ 
Science is 
hard for 
me. (8)  
Math is hard 
for me. (7) 
 Math is hard 
for me. (3) 
 Mathematics/
Science is 
harder for me 
than for 
many of my 
classmates. 
I remember 
most of the 
things I learn 
in 
mathematics.  
(39)  
       
I usually 
understand 
what we are 
talking about 
in 
mathematics 
class. (19)  
       
No matter 
how hard I 
try, I cannot 
understand 
mathematics. 
(23) 
I am sure that I 
can learn 
mathematics. 
(3) 
I am sure 
that I can 
learn math/ 
science. (1)  
     
If I don’t see 
how to work 
a 
mathematics 
problem right 
away, 
I never get it. 
(55) 
      I learn things 
quickly in 
mathematics/ 
science. 
I often think, 
"I can’t do 
it," when a 
mathematics 
problem 
seems hard. 
(26)  
I don’t think I 
could do 
advanced 
mathematics. 
(8) 
I don’t 
think I 
could do 
advanced 
math/ 
science. (4) 
     
 I am sure I 
could do 
advanced work 
in mathematics. 
(2) 
I am sure I 
could do 
advanced 
work in 
math/ 
science. 
(41) 
I am sure I 
could do 
advanced 
work in 
math. (11) 
I am sure I 
could do 
advanced 
work in 
science. (10) 
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Table 2.3 (cont.) 
 
∗ Note: Questions worded negatively are shaded. 
  
MAI (1974) 
Cronbach’s  
α = 0.83 
FSMAS (1976) 
Cronbach’s  
α = 0.91 
(Mulhern & 
Rae, 1998) 
Modified-
FSMAS 
and FSSAS 
(1993) 
WIE 
Attitudes 
toward Math 
(2005) 
Cronbach’s 
α = 0.85 
WIE 
Attitudes 
toward 
Science 
(2005) 
Cronbach’s 
α = 0.85 
 
S-STEM 
Math (2012) 
Cronbach’s 
α = 0.84 
S-STEM 
Science 
(2012) 
Cronbach’s 
α = 0.86 
TIMSS 
(2011) 
 
Confidence in Math/Science Subscale Questions 
 
 I think I could 
handle more 
difficult 
mathematics. 
(4) 
I think I 
could 
handle 
more 
difficult 
math/ 
science. 
(25)  
  In the future, 
I could do 
harder math 
problems. (6) 
In the future, 
I could do 
harder 
science work. 
(17) 
I am good at 
working out 
difficult 
mathematics 
problems. 
 I have a lot of 
self-confidence 
when it comes 
to math. (6) 
I know I 
can do well 
in math/ 
science. 
(37)  
 I know I can 
do well in 
science. (6) 
I’m the type 
of student 
who does 
well in math. 
(4) 
I know I can 
do well in 
science. (14) 
 
I usually do 
well in 
mathematics/
science. 
I don’t do 
very well in 
mathematics. 
(5)  
I’m not the type 
to do well in 
math. (9) 
I’m not the 
type to do 
well in 
math/ 
science. (9)  
I’m not the 
type to do 
well in math. 
(9) 
I don’t do 
very well in 
mathematics. 
(5)  
I’m not the 
type to do 
well in math. 
(9) 
 I’m not the 
type to do 
well in math. 
(9) 
 Most subjects I 
can handle 
O.K., but I have 
a knack for 
flubbing up 
math. (11) 
Most 
subjects I 
can handle 
OK, but I 
just can’t 
do a good 
job with 
math/ 
science. 
(32)  
Most subjects 
I can handle 
OK, but I just 
can’t do a 
good job with 
math. (10) 
Most subjects 
I can handle 
OK, but I just 
can’t do a 
good job with 
science. (9) 
I can 
understand 
most subjects 
easily, but 
math is 
difficult for 
me. (5) 
I can 
understand 
most subjects 
easily, but 
science is 
hard for me. 
(16) 
Mathematics/
Science is 
harder for me 
than any 
other subject. 
 Math has been 
my worst 
subject. (12) 
Math/ 
Science has 
been my 
worst 
subject. 
(23)  
Math is my 
worst subject. 
(3) 
 Math has 
been my 
worst subject. 
(1) 
  
I am good at 
working 
mathematics 
problems. 
(34) 
I’m no good in 
math. (7) 
I’m not 
good in 
math/ 
science. 
(43)  
I’m not good 
at math. (13) 
 I am good at 
math. (8) 
 I am just not 
good at 
mathematics/ 
science. 
 Generally, I 
have felt secure 
about 
attempting 
mathematics. 
(1) 
I am sure 
of myself 
when I do 
math/ 
science. 
(12)  
 I am sure of 
myself when 
I do science. 
(1) 
 I feel good 
about myself 
when I do 
science. (9) 
 
 I can get good 
grades in 
mathematics. 
(5) 
I can get 
good 
grades in 
math/ 
science. 
(33)  
I can get 
good grades 
in math. (12) 
 I can get 
good grades 
in math. (7) 
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Table 2.4   
 
Comparison of Perception of Usefulness Subscale Questions among Six Instruments 
Measuring Students’ Math and/or Science Attitudes*  
MAI (1974) 
Cronbach’s 
α = 0.83 
FSMAS 
(1976) 
Cronbach’s 
α = 0.91 
(Mulhern & 
Rae, 1998) 
Modified-
FSMAS and 
FSSAS (1993) 
WIE 
Attitudes 
toward 
Math 
(2005) 
Cronbach’s 
α = 0.85 
WIE 
Attitudes 
toward 
Science  
(2005) 
Cronbach’s 
α = 0.85 
 
S-STEM 
Math (2012) 
Cronbach’s 
α = 0.84 
S-STEM 
Science 
(2012) 
Cronbach’s 
α = 0.86 
TIMSS 
(2011) 
 
Perception of Math/Science Usefulness of Subscale Questions 
 
Mathematics 
is a practical 
subject. (18) 
Mathematics is 
a worthwhile 
and necessary 
subject. (4) 
Math/ 
Science is a 
worthwhile, 
necessary 
subject. (17)  
Math is a 
worthwhile, 
necessary 
subject. (1) 
Science is a 
worthwhile, 
necessary 
subject. (8) 
   
Mathematics 
is useful for 
the problems 
of everyday 
life. (1) 
I study 
mathematics 
because I know 
how useful it is. 
(2) 
I study math/ 
science 
because I 
know how 
useful it is. 
(44) 
I study 
math 
because I 
know how 
useful it is. 
(6) 
    
For most 
people, the 
study of 
mathematics 
is not very 
important. 
(13) 
       
Most 
mathematics 
is too 
concerned 
with abstract 
ideas to be 
really useful. 
(42) 
       
 Taking 
mathematics is 
a waste of time. 
(10) 
Taking math/ 
science is a 
waste of 
time. (21)  
     
 I will use 
mathematics in 
many ways as 
an adult. (6) 
I will use 
mathematics 
in many 
ways as an 
adult. (27) 
     
You can get 
along 
perfectly well 
in everyday 
life without 
mathematics. 
(37)  
I expect to have 
little use for 
mathematics 
when I get out 
of school. (12) 
I don’t 
expect to use 
much math/ 
science when 
I get out of 
school. (13)  
 I don’t expect 
to use much 
science when 
I get out of 
high school. 
(3) 
   
 I see 
mathematics as 
a subject I will 
rarely use in 
my daily life as 
an adult. (9) 
I see math/ 
science as 
something I 
won’t use 
very often 
when I get 
out of high 
school. (29)  
I see math 
as 
something I 
won’t use 
very often 
when I get 
out of high 
school. (4) 
  After I finish 
high school, I 
will use 
science often. 
(11) 
It is 
important to 
do well in 
mathematics/
science. 
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Table 2.4 (cont.) 
 
∗ Note: Questions worded negatively are shaded.  
MAI (1974) 
Cronbach’s 
α = 0.83 
FSMAS (1976) 
Cronbach’s 
α = 0.91 
(Mulhern & 
Rae, 1998) 
Modified-
FSMAS and 
FSSAS 
(1993) 
WIE 
Attitudes 
toward 
Math 
(2005) 
Cronbach’s 
α = 0.85 
WIE 
Attitudes 
toward 
Science  
(2005) 
Cronbach’s 
α = 0.85 
 
S-STEM 
Math (2012) 
Cronbach’s 
α = 0.84 
S-STEM 
Science 
(2012) 
Cronbach’s 
α = 0.86 
TIMSS 
(2011) 
 
Perception of Math/Science Usefulness of Subscale Questions 
 
 Mathematics is 
of no relevance 
to my life. (7) 
Math/ 
Science is 
not 
important for 
my life. (42)  
Math is not 
important 
for my life. 
(2) 
    
It is 
important to 
know 
mathematics 
in order to 
get a good 
job. (28)  
I’ll need a firm 
mastery of 
mathematics 
for my future 
work. (5)  
I’ll need 
mathematics/
science for 
my future 
work. (10)  
 I’ll need 
science for 
my future 
work. (5) 
 Science will 
be important 
to me in my 
future career. 
(15) 
 
 Mathematics 
will not be 
important to me 
in my life’s 
work. (8) 
Math/ 
Science will 
not be 
important to 
me in my 
life’s work. 
(5)  
 Science will 
not be 
important to 
me in my 
life’s work. 
(7) 
   
There is little 
need for 
mathematics 
in most jobs. 
(11) 
I’ll need 
mathematics 
for my future 
work. (1) 
I’ll need a 
good 
understand-
ing of math/ 
science for 
my future 
work. (34) 
I’ll need a 
good 
understand-
ing of math 
for my 
future 
work. (8). 
  When I am 
older, I will 
need to 
understand 
science for 
my job. (13) 
 
 In terms of my 
adult life it is 
not important 
for me to do 
well in 
mathematics in 
high school. 
(11) 
Doing well 
in math/ 
science is not 
important for 
my future 
(39)  
     
 Knowing 
mathematics 
will help me 
earn a living. 
(3) 
Knowing 
science will 
help me earn 
a living. (3) 
 Knowing 
science will 
help me earn 
a living. (4) 
 When I am 
older, 
knowing 
science will 
help me earn 
money. (12) 
 
Mathematics 
is of great 
importance to 
a country’s 
development. 
(27)  
       
   I would 
consider 
choosing a 
career that 
uses math. 
(5) 
I would 
consider a 
career in 
science. (2) 
When I’m 
older, I might 
choose a job 
that uses 
math. (2) 
I might 
choose a 
career in 
science. (10) 
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Figure 2.1  
The Six Elements of the Pennsylvania Department of Education’s Standards Aligned 
System (SAS) 
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CHAPTER 3: METHODOLOGY 
Introduction 
Student achievement has become the dominate K– 12 educational outcome in the 
wake of The No Child Left Behind Act (NCLB) of 2001 (Ravitch, 2010), resulting in little 
attention being paid to other outcomes such as students’ attitudes.  Positioning students’ 
attitudes as a comparable educational outcome to students’ achievement is an emerging 
goal in the literature (Sjøberg & Schreiner, 2010) and serves as a driving force in the 
present study.  The purpose of this study was to better understand influences on upper 
elementary students’ attitudes (SA) toward STEM subjects and careers.  The study aimed 
to explore two influences on SA, opportunity to learn (OTL) and teacher’s efficacy (TE), 
in the comparative contexts of math and science. 
Research Questions 
In order to fulfill the goal of this study to make recommendations to the case 
school district to enhance OTL, TE, and ultimately SA; three central research questions 
guided this study, with six sub-questions to organize the findings as follows: 
1. How do the opportunities to learn math and science influence students’ attitudes 
toward STEM? 
d) What are students’ attitudes toward STEM? 
e) What is the extent of the opportunity to learn math? 
f) What is the extent of the opportunity to learn science? 
2. How do teachers’ math and science teaching efficacies influence students’ attitudes 
toward STEM? 
a) What are teachers’ attitudes towards STEM?  
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b) What are teachers’ math teaching efficacies? 
c) What are teachers’ science teaching efficacies? 
3. How are math and science being taught in relation to each other? 
Research Design and Rationale  
  This research epitomized a mixed methods case study following a convergent 
design (Creswell, 2015) in which five data sets (Table 3.1) from four sources (Table 3.2) 
were collected over three phases (Table 3.3) to triangulate three constructs: OTL, TE, and 
SA (Table 3.4).  As shown in Table 3.2, the four data sources include two survey 
instruments, an interview protocol, and curriculum resource documents.   
 The pursuit of mixed research, an approach that is neither committed fully to 
qualitative nor quantitative designs, is philosophically pragmatic (Creswell, 2007).  
Following The Research Onion (Saunders & Tosey, 2013), pragmatism aligns with the 
pursuit of mixed methods.  The logic underpinning the utilization of mixed methods in 
the present study originates with the researcher’s belief that neither quantitative nor 
qualitative data alone is sufficient to answer questions built upon attitudes.  Teacher and 
student attitudes, even when narrowed to the context of STEM, still represent 
multidimensional constructs.  They warrant a comprehensive gathering of information in 
order to make clear and concrete as many of the complex abstractions embedded within 
attitudes as possible.  Mixed methods offer the chance at such a comprehensive 
understanding as it allows the researcher to combine statistics with stories (Creswell, 
2015).   
 The pursuit of a case study was based on Yin’s (2014) two-fold definition of a case 
study in his recently released 5th edition of Case Study Research.  First, he indicates that a 
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case study “investigates a contemporary phenomenon in depth and within its real-world 
boundaries” (p. 16).  The purpose of this study, to better understand influences on upper 
elementary students’ attitudes (SA) toward STEM subjects and careers, situates the study 
within contemporary interests– students’ attitudes, STEM education, and students’ 
attitudes toward STEM.  The exploration of students’ attitudes within the three 
elementary schools in one school district situates the study within real-world boundaries.  
Second, Yin indicates that a case study “relies on multiple sources of evidence, with data 
needing to converge in a triangulating fashion” (p. 17).  This study is designed to utilize 
five data sets from four sources collected over three phases to triangulate three 
constructs: OTL, TE, and SA. 
 The pursuit of a convergent design allowed for data sets to be merged for the 
purpose of comparing results (Creswell, 2015).  Considering the goal of this study was to 
offer the case school district recommendations for improving TL, TE, and thus SA, based 
on a comparative analysis of the constructs in the contexts of math and science, a 
convergent design was appropriate.  
Site and Population 
Population Description 
 The school district in this study has three K–5 elementary schools, known in this 
study as schools A, B, and C, with 15 teachers and 361 students at the upper elementary 
level of fourth and fifth grades.   
 Teachers.  The population of the study consists of 15 upper elementary (4th – 5th 
grade) teachers employed among three schools in a suburban school district in south 
central Pennsylvania.  The population offers a convenience sample to the researcher.  The 
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case school district employs both the researcher and the participants, who both work in 
close geographical proximity with each other and share a professional relationship guided 
by the same Mission and Vision statements.  Verbal permission to solicit upper 
elementary teacher participation in the study using school district-issued teacher email 
addresses was obtained from the school district Superintendent in the summer of 2014.  
Verbal permission was obtained from three elementary principals in January 2015.  The 
Academic Affairs Committee of the School Board approved the study in February 2015.  
Formal written permission was granted by the school district Superintendent, via Drexel’s 
Institutional Research Board’s (IRB) School District Permission to Conduct Research 
letter.  The names and emails of the teachers were obtained from the school district’s 
Human Resources Director, following the obtaining of these approvals.   
 Students.  The population of the study consists of 361 upper elementary (4th – 5th 
grade) students attending one of the case school district’s three elementary schools A, B, 
and C.  As with the teacher population, the student population represents a convenient 
group from which to sample, as the researcher is an employee of the district. Verbal 
permission to solicit upper elementary student participation in the study using the school 
district’s automated message service, Global Connect, to email parents and guardians, 
was obtained from the Superintendent in the summer of 2014.  Verbal permission was 
obtained from three elementary principals in January 2015.  The Academic Affairs 
Committee of the School Board approved the study in February 2015.  Formal written 
permission was then granted by the school district Superintendent, as described for the 
teachers above. Student demographics were also obtained from the school district’s 
Human Resources Director, following approvals. 
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Site Description 
The three elementary schools selected for this study are located in a small 
suburban town’s school district in the southern portion of Dauphin County, 
approximately 10 miles from Pennsylvania’s state capital, Harrisburg.  The town’s 
population is approximately 18,500 and student enrollment in the school district is 
approximately 2,540.  The proportion of low-income students district-wide is 
approximately 48%.  This district was selected because the researcher has a professional 
relationship with each of the three elementary principals, the superintendent, and 
members of the school board, as the researcher is an employee at the high school.   The 
relationships assisted in securing permission to conduct the research study.   
Site Access 
Permission to conduct the study was granted by three elementary school 
principals, the school district Superintendent, and the Academic Affairs Committee of the 
School Board.   Permission was granted to specifically conduct the following research 
activities: a) obtain participant demographics from Human Resource Department, b) use 
school district email to invite 4th and 5th grade teachers to participate in the research study 
and to distribute the Teacher Efficacy and Attitudes toward STEM Survey: Upper 
Elementary (T-STEM-EL) hyperlink, c) use school district classrooms to conduct one-
on-one teacher interviews at the convenience of selected teacher-participants, d) use the 
school district’s Global Connect automated email system to inform parents of 4th and 5th 
graders of their child’s opportunity to participant in the research study, e) use about 20 
minutes of class time to administer the Student Attitudes toward STEM Survey: Upper 
Elementary (S-STEM-EL) to 4th and 5th grade students on a date established with the 
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three building principals, and f) obtain non-identifiable 4th and 5th grade science and math 
grades. 
Research Methods 
The study considered 361 students and 15 teachers at the upper elementary level 
of fourth and fifth grades in the case of a south-central Pennsylvania school district with 
three K–5 elementary schools.  This research epitomized mixed methods and followed a 
convergent design (Creswell, 2015) in which five data sets (Table 3.1) from four sources 
(Table 3.2) were collected over three phases (Table 3.3) to triangulate three constructs: 
OTL, TE, and SA (Table 3.4).  The study shows a greater emphasis on qualitative 
analysis.  The four data sources include two survey instruments, an interview protocol, 
and curriculum resource documents.  The first two data sources include a survey 
instrument for teachers, T-STEM-EL and one for students, S-STEM-EL.  The third data 
source, the interview protocol, was designed by the researcher for use with teachers and 
is entitled Elementary Teachers’ Perceptions of the Influences on Students’ Attitudes 
toward STEM (ETP).  The fourth data source includes several math and science 
curriculum resources (CRs): Pennsylvania Academic Standards and Assessment Anchors 
documents, District curriculum documents, and Teacher’s Editions of program textbooks 
(Table 3.2).  The survey instruments and interview protocol are shown in Appendices A, 
C, and G, respectively. 
The first phase of the research involved the distribution of two survey 
instruments, one for teachers and one for students: the T-STEM-EL and S-STEM-EL 
surveys, respectively (Table 3.3).  The two survey instruments included three constructs, 
essentially resulting in three quantitative data sets: a) OTL science and math, b) teachers’ 
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teaching efficacy and attitudes toward STEM, and c) and students’ attitudes toward 
STEM (Table 3.3).  The two constructs or data sets obtained from T-STEM-EL include 
OTL science and math, including its components amount of instructional time (IT) and 
coverage of eligible content (EC), and teachers’ efficacy and attitudes toward STEM 
(TE).  The construct or data set obtained from S-STEM-EL includes students’ attitudes 
toward STEM (SA).  The phase-one data sets from these surveys were used to answer 
research questions one and two.   
 The second phase of the research involved conducting one-on-one teacher 
interviews.  The interview transcriptions comprised the fourth data set: teachers’ 
perceptions.  The phase-two data set was designed to not only answer research question 
three, but also to corroborate survey data from phase one.  
 The third phase of the research involved the procurement of math and science 
CRs utilized by the elementary teachers in the school district: Pennsylvania Academic 
Standards and Assessment Anchors documents, District curriculum documents, and 
Teacher’s Editions of program textbooks: EnVisionMATH: Common Core and 
Pennsylvania HSP Science. These materials comprised the fifth data set.  The stages of 
data collection timeline are presented in Table 3.5. 
Instruments or Sources of Data 
T-STEM-EL. 
Description of instrument.  The T-STEM survey, referred to as T-STEM-EL 
throughout this study in order to distinguish it from four similar instruments for 
secondary teachers which are all also abbreviated T-STEM, was developed by the Friday 
Institute for Educational Innovation in 2012 and based on the work of Riggs and Enochs 
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(1990). It was developed to measure changes in teachers’ T-STEM-EL scores in response 
to a program implementation. The surveys from which the T-STEM-EL is constructed, 
the Science Teaching Efficacy Belief Instrument (STEBI), developed by Riggs and 
Enochs in 1990, and the Math Teaching Efficacy Belief Instrument (MTEBI), developed 
by Enochs, Smith, and Huinker in 2000, were designed to measure teaching efficacy at a 
single point in time; that is how the present study intends to use the T-STEM-EL.  
Reliability for the T-STEM-EL was established; Cronbach’s Alpha for the entire 
instrument was determined to be 0.846 (Friday Institute, 2012).   
The T-STEM-EL is a nine-section, 83 question instrument that consists of nine 
subscales: a) Personal Math Teaching Efficacy Belief Subscale (PMTEBS), b) Math 
Teaching Outcome Expectancy Subscale (MTOES), c) Personal Science Teaching 
Efficacy Belief Subscale (PSTEBS), d) Science Teaching Outcome Expectancy Subscale 
(STOES), e) student technology use, f) STEM instruction, g) 21st century learning, h) 
teacher leadership attitudes, and i) STEM career awareness.  The first two subscales 
regarding math teaching and the first two subscales regarding science teaching can be 
collapsed into broader instrumental scales known as the Math Teaching Efficacy Belief 
Instrument (MTEBI) and the Science Teaching Efficacy Belief Instrument (STEBI), 
respectively. 
Permission to use and modify the Elementary T-STEM-EL Survey Instrument was 
obtained first by completing the Friday Institute’s (2014) Building Capacity Instrument 
Request Form and second by receiving email permission and instructions with various 
STEM surveys attached, including T-STEM-EL (T. L. Collins, personal communication, 
April 14, 2014).  The T-STEM-EL (modified) is included in Appendix A. For this study, 
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the T-STEM-EL survey instrument was subtly modified, with permission, in several 
ways.  First, the nine-section, 83 question instrument was formatted for electronic 
distribution via SurveyGizmo hyperlink.  Second, a typographical error was corrected in 
question 6 of both the MTOEBS and STOEBS; “related” replaced the misspelled 
“realted.”  Third, the neutral option in questions was eliminated.  Sixty-one questions in 
seven of the nine sections consisted of the following five response choices: a) strongly 
agree, b) agree, c) neither agree or disagree, d) disagree, and e) strongly disagree.  The 
“neither agree or disagree” option was eliminated.  Eight questions in the “Student 
Technology Use” section consisted of the following six response choices: a) never, b) 
occasionally, c) about half the time, d) usually, e) every time, and f) not applicable.  Both 
the “about half the time” and “not applicable” options were eliminated. Similarly, the 
“about half the time” response option was eliminated from the fourteen questions in the 
“Elementary STEM Instruction” section consisting of the following five response 
choices: a) never, b) occasionally, c) about half the time, d) usually, and e) every time.  
Additionally, in both the “Student Technology Use” and “Elementary STEM Instruction” 
sections the response phrase “every time” was changed to “always” in order to better 
parallel its opposing response “never.”  Fourth, in both the “Student Technology Use” 
and  “Elementary STEM Instruction” sections, the question wording was modified from 
“During elementary STEM instructional meetings (e.g. class periods, after school 
activities, days of summer camp, etc.), how often do your students…” to “During STEM, 
science, and/or math instructional time, how often do your students…” to account for the 
possibility that teachers may not be instructing in a STEM-collective context, rather they 
may be instructing in a context in which science and math are taught as separate subjects.  
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Fifth, a statement of informed consent and four questions regarding teacher demographics 
were added to the beginning of the survey.  Sixth, eleven questions regarding the 
construct opportunity to learn were added to the end of the survey.  They include two 
questions regarding the amount of instructional time (IT) spent on science and math.  
Four questions ask teachers to rank their coverage of eligible content science and five 
questions on a trichotomous scale from “not at all” to “somewhat” to “in-depth.”  There 
are five questions on eligible content for math.  Schmidt and Maier (2009) reviewed three 
methods for measuring OTL – observations, teacher logs, and once-administered surveys 
– and indicated that the latter method is more advantageous than both of the former 
measures because it is less costly and less burdensome for teachers to complete and “is 
adequate for many of the descriptive and analytic needs” in research (p. 550).  The 
questions were created using the statements of eligible content (EC) for fourth and fifth 
grades published by the Pennsylvania Department of Education (PDE).  The questions 
regarding EC in science and math are different for fourth and fifth grade. Fourth grade 
EC in science consists of 64 statements and in math consists of 41 statements, while fifth 
grade science EC consists of 40 statements and math EC consists of 25 statements.  
Science EC were organized into four questions based on the four reporting categories 
mentioned in Chapter 1, while math EC were organized in five questions based on the 
five domains.  Seventh, a final open-ended reflection question was added for teacher-
participants: “How has participating in this study changed your awareness of STEM 
education?  Please elaborate.  If completing this survey has not changed your awareness 
indicate n/a.” 
Participant selection and invitation.  The names and emails of the 15 upper 
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elementary (4th and 5th grade) teachers were obtained from the school district’s Human 
Resources Director.  As shown in Table 3.5, the 15 upper elementary teachers were 
recruited to participate in taking the T-STEM-EL survey via an Information email and 
letter sent on Monday, April 13, 2015.  A copy of the Informed Consent document 
(Appendix B) signed by the researcher was attached or enclosed, respectively.  Only the 
12 teachers who signed and returned the Informed Consent were contacted again on 
Monday, April 20, 2015 to participate in taking the T-STEM-EL survey.  Those teachers 
had at least a week to review the Informed Consent prior to enrolling and were able to 
enroll anytime from Monday, April 20th through Monday, May 4th 2015.  Teachers who 
took the survey were personally compensated by the researcher with a $10 VISA gift 
card.  Payment was not contingent on every question on the survey being answered.  
VISA gift cards were delivered to the teachers’ school secretary on Friday, May 8, 2015.  
Teacher-participants were sent an email notification of gift card delivery.   
Data collection and analysis.  Survey data were numerically coded so that 
descriptive statistics for total and categorical scores could be determined and discussed.  
Qualitative analysis of survey data involved calculating total and categorical averages 
and percentages in Excel.  These descriptive statistics were compared considering the 
teachers’ demographics of grade level, years of teaching experience, and gender.  In 
addition, math and science were compared.  Following the quantitative determinations, 
the data were analyzed qualitatively for trends.  The specific guidelines for analyzing the 
OTL and TE constructs were as follows:  
Opportunity to learn was analyzed by total score and by the four defining 
components of the construct: a) average daily instructional time in science, b) average 
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daily instructional time in science, c) coverage of eligible content in science, and d) 
coverage of eligible content in science.   
Teachers’ efficacy and attitudes was analyzed by total score and by the seven 
subscales comprising the instrument: a) Math Teaching Efficacy Belief Scale (MTEBS), 
b) Science Teaching Efficacy Belief Scale (STEBS), c) student technology use, STEM 
instruction, d) 21st century learning, e) teacher leadership attitudes, f) STEM career 
awareness; and by the four efficacy subscales: a) Personal Math Teaching Efficacy Belief 
Subscale (PMTEBS), b) Math Teaching Outcome Expectancy Subscale (MTOES), c) 
Personal Science Teaching Efficacy Belief Subscale (PSTEBS), and d) Science Teaching 
Outcome Expectancy Subscale (STOES). 
S-STEM-EL. 
Description of instrument.  The S-STEM survey, referred to as S-STEM-EL 
throughout this study in order to distinguish it from a similar instrument for secondary 
students also abbreviated S-STEM, was developed by the Friday Institute for Educational 
Innovation in 2012 and is based on an instrument unofficially known as the Women in 
Engineering (WIE) project survey (Erkut and Marx, 2005).  Both were designed to 
measure changes in students’ scores in response to a program implementation.  The 
surveys from which the WIE project survey is constructed, the Fennema-Sherman 
Mathematics Attitude Scales (FSMAS) (Fennema & Sherman, 1976) and the modified 
FSMAS (Doepken, Lawsky, & Padwa, 2003), were designed for secondary students and 
were designed to measure students’ attitudes at a single point in time.  That is how the 
present study intends to use the S-STEM-EL survey instrument.  Reliability for the S-
STEM-EL was established; Cronbach’s Alpha for the Math and Science Attitude 
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subscales were determined separately to be 0.84 and 0.86, respectively (Friday Institute, 
2012).   
The S-STEM-EL is a six-section, 52 question instrument that consists of four 
subscales: a) attitudes toward math, b) attitudes toward science, c) engineering and 
technology interest and d) 21st century learning.  The remaining two sections, entitled 
“Your Future” and “About Yourself,” include questions on students’ career interests, 
college plans, acquaintance with adults working in STEM-related fields, and expected 
performance in English/language arts, math, and science classes.   
As with the T-STEM-EL mentioned previously, permission to use and modify the 
S-STEM-EL Survey Instrument was obtained via email from the Friday Institute (T. L. 
Collins, personal communication, April 14, 2014).  For this study, the S-STEM-EL 
survey instrument was modified in several ways.  First, as with the T-STEM-EL 
instrument, the neutral option, “neither agree or disagree,” in questions was eliminated 
reducing the 5-point Likert Scale to 4-points; and, in the “About You” section, the “not 
sure” response choice was eliminated, leaving only yes or no options.  In the “Your 
Future” section, the following four response choices: a) not at all interested, b) not so 
interested, c) interested, and d) very interested were changed to the following three: a) not 
interested, b) somewhat interested, and c) very interested.  Second, three questions 
regarding student demographics were added to the end of the survey in the “About You” 
section.  Fourth, questions were added and deleted from two sections of S-STEM-EL – 
Attitudes toward Math and Attitudes toward Science – so that a more precise comparison 
between math and science attitudes would be possible.  The discrepancy between these 
sections in the original survey is evident at a glance, as they do not have the same number 
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of questions. In the original S-STEM-EL survey, the Attitudes toward Math section had 
eight questions and the Attitudes toward Science had nine.  Exploring the questions more 
deeply revealed that the original survey did not measure the two attitudinal subscales, 
confidence in math/science and usefulness of math/science, to the same extent.  
Unlike the T-STEM-EL, no parallel question structure existed between the 
science and math attitudes scales. Even though none of the questions between the math 
and science attitudes sections were identical, four questions were similar enough to be 
roughly considered the same.  That still left four questions in the math attitudes sections 
and five in the science that were dissimilar.  When the content of the questions was 
analyzed further, it was evident that inconsistencies existed with the nature of the 
questions in terms of positive or negative tone, present or future tense, and whether the 
questions probed the attitude subcomponent of confidence or perceived usefulness of the 
subject matter.  The original survey’s math attitudes section consisted of eight questions, 
with three written in the negative, two written regarding the future, and only one question 
regarding students’ perception of usefulness.  The science attitudes section, on the other 
hand, consisted of nine questions, with only one written in the negative, six written in the 
future, and five questions regarding students’ perception of usefulness.  The aim of 
modifying the math and science attitudes sections was not only that the questions be 
consistent, but also that the questions measure equally the two attitude subscales, 
confidence in subject and subject usefulness.  Thus the modified S-STEM-EL includes 
five questions from each subscale, three positive and two negative; and three questions 
oriented toward the present and seven questions oriented in the future.  Following the 
recommendation of Blalock et al. (2008) who reviewed over 60 instruments measuring 
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attitudes toward science, the modifications to the S-STEM-EL did not result in the 
creation of brand new questions in order for the instrument to retain the value established 
by its predecessors as a good psychometric measure.  Table 3.7 shows the original S-
STEM-EL questions and those on the left that were used in the modified S-STEM-EL for 
the present study.   
 Participant selection and invitation.  The automated message system in the case 
school district was utilized to send an email message to all 4th and 5th grade parents and 
guardians notifying them of the purpose of the survey and date of administration 
(Appendix D).  Attached to the email was a detailed letter describing the purpose of the 
study, a copy of Informed Consent (Appendix E), a copy of Child Assent (Appendix F), 
as well as a copy of the S-STEM-EL survey instrument (Appendix C).  Permission to 
waive the requirement for the researcher to obtain signed consent from parents or 
guardians was granted by Drexel’s IRB as it was not practicable for the researcher to 
obtain signatures from over 350 parents or guardians.  Parents were able to opt their child 
out of participating, and two chose to do so.  Paper copies of the detailed letter were also 
given to teachers to distribute to the students in their classes.  
The fourth and fifth grade students at the three elementary schools in the case 
district were invited to participate in the study on May 13, 2015, following the PSSA 
testing windows.  Student-participants were asked to sign a Child Assent form in order to 
participate in taking the S-STEM-EL survey.  The assent form was checked for its 
Flesch-Kincaid grade level to ensure it was written at approximately the 4th – 5th grade 
reading level.  Only students who signed the Assent form were given an S-STEM-EL 
survey.  Students kept one copy and gave the other to the researcher.  Overall, three 
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students chose not to sign the Assent.  Both the two students whose parents or guardians 
objected their child’s participation and those students who chose not to participate were 
given an alternative paper-based activity to complete in another room.  For those students 
participating, the researcher and one of the students’ teachers took turns reading out loud 
to the students the directions and individual questions for each section. 
Data collection and analysis.  Survey data were numerically coded so that 
descriptive statistics for total and categorical scores could be determined and discussed.  
Qualitative analysis of survey data involved calculating total and categorical averages 
and percentages in Excel.  These descriptive statistics were compared considering the 
students’ demographics of grade level and gender.  In addition, math and science were 
compared.  Following the quantitative determinations, the data were analyzed 
qualitatively for trends.  The specific guidelines for analyzing the construct follow: 
Students’ attitudes were analyzed by total score, by the four scales comprising the 
instrument: a) attitudes toward math, b) attitudes toward science, c) engineering & 
technology interest, and d) 21st Century Learning, and by the four subscales a) confidence 
in math b) usefulness of math, c) confidence in science, and d) usefulness of science. 
ETP. 
 Description of instrument.  This study used a structured interview of 
approximately 60 minutes following the ETP interview protocol (IP).  This protocol of 
ten prompts was designed by the researcher to provide a space for teacher-participants to 
elaborate upon their experiences as well as to corroborate data obtained from the T-
STEM-EL and S-STEM-EL survey data.    The ETP IP is shown in Appendix G.  The IP 
followed a standardized open-ended format in which questions are presented with smaller 
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probing questions.  The questions were organization as such to allow the researcher 
structured follow-up prompts in instances where interviewees’ responses warranted 
further clarification.  The choice to use a standardized open-ended IP also aimed to 
minimize biases of the researcher (Turner, 2010), who worked as the high school 
chemistry teacher among the teacher-participants in the case school district.   In order to 
reduce interview-bias, in which interviewees’ responses are designed to please the 
researcher (Nass et al., 1999), the researcher aimed to ensure that teacher-participants 
were comfortable and uninhibited by scheduling interviews in the teacher-participants’ 
classrooms. 
 Participant selection and invitation.   As indicated above, the 15 upper 
elementary teachers were recruited to participate in the ETP interviews via an 
Information email and letter, which was sent on Monday, April 13, 2015. Only teachers 
who completed the T-STEM-EL were contacted again on Monday, May 11, 2015 with 
Initiation email and letter for the ETP interviews, also attached.  Six teachers were 
selected for interviews based on the teaching and educational experience they indicated 
on the demographic portion of the survey.  Among the five most experienced teachers, 
three were randomly selected for an interview.  Among the five least experienced 
teachers, three teachers were randomly selected for an interview.  None of the initially 
randomly selected teachers with the least experience were interested in being 
interviewed; so additional less experienced teachers were recruited.  Only teachers who 
signed an Informed Consent form and returned it to the researcher were contacted 
subsequently to schedule an interview.  Overall three teachers with less than 10 years of 
experienced participated and three teachers with more than 10 years of experience 
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participated; two were males and four were females; 2 were fourth grade teachers and 
four were fifth grade teachers.  The demographics of the teachers interviewed are shown 
in Table 3.6  
Data collection and analysis.  One-one-one participant interviews were recorded 
using ATLAS, an iPad application designed for qualitative research.  Immediately 
following each interview, post-interview notes and researcher reflections were recorded 
for reference during data analysis.  Participants were sent a “Thank You” card.  Each 
interview was transcribed.  Transcriptions were openly coded and analyzed for trends and 
themes.  The guidelines for analyzing the aforementioned construct were organized as 
follows: a) importance of teaching math & influences, b) importance of teaching science 
& influences, c) actual vs. expected math instruction influences & description, d) actual 
vs. expected science instruction influences & description, e) extent of science and math 
instructional overlap, f) perception of students’ attitudes toward math & strategies 
utilized, g) perception of students’ attitudes toward science & strategies utilized, h) 
perception of students’ STEM career interests & integration (Career, Education, and 
Work, CEW) standards, i) perception of math standards’ influence on students’ attitudes, 
and j) perception of science standards’ influence on students’ attitudes. 
CRs. 
Description of source.  Three levels of curriculum materials were procured: 
district, state, and national.  At the district level, three documents relevant to upper 
elementary math and science were reviewed: Standards for Mathematical Content preK– 
12, Elementary Math Pacing Calendars, and Science Curriculum Emphasis Guides.  At 
the state Department of Education level, several documents were reviewed: Academic 
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Standards for Mathematics, Mathematics: Assessment Anchors and Eligible Content 
Grade 4 and Grade 5, Academic Standards for Science and Technology, Academic 
Standards for Environment and Ecology, Academic Standards for Science and 
Technology and Engineering Education, and Science Assessment Anchors and Eligible 
Content Grade 4 and Grade 5.  At the national level Teachers’ Editions were reviewed 
for grades 4 and 5: EnVisionMATH: Common Core and HSP Science. 
Data collection and analysis.  The CR materials were qualitatively analyzed to 
determine trends in the following pre-determined categories, as applicable: big ideas/unit 
essential questions (UEQs), lesson essential questions (LEQs), concepts/content, 
competencies/skills, essential vocabulary (EV), eligible content (EC), standard 
categories, reporting categories/domains, assessment anchors, differentiation, cross-
curricular integration, overall organization, and pacing. 
Ethical Considerations 
To ensure confidentiality of participants, only the researcher accessed the raw data.  
The teacher-participants were and still are able to request access (copies) to their own 
data.  The raw S-STEM-EL data of any student-participant was not and will not be shared 
with any parent or guardian requesting it, as no identifying information was collected to 
do so.  Although there is no intention to use data in the future, it will be stored for three 
years in accordance with Drexel University’s policy.  In accordance with this policy, data 
will be stored digitally on the researcher’s password protected laptop.  The raw T-STEM-
EL data associated with teacher-participants’ emails and raw ETP interview data 
associated with specific teacher-participants’ names will be kept in a separate file in 
which pseudonyms have been assigned.  These assigned pseudonyms were and will be 
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used for any publication of findings in order to ensure anonymity of participants. 
Approval to conduct this study was granted by Drexel’s Institutional Review Board (IRB) 
on April 2, 2015 and assigned the IRB ID 1503003487.  Informed consent was obtained 
from all participants when applicable, as described below. 
Informed Consent for T-STEM-EL 
 The consenting process for the T-STEM-EL survey administration took place at 
the convenience of teacher-participants through use of their email and district interoffice 
mail.  Teacher participants were informed of the study via both email and letter on 
Monday, April 13, 2015 and provided with a copy of the Informed Consent document 
signed by the researcher one week prior to the start of the study.  Only teachers who 
signed the Informed Consent form and returned it to the researcher were invited to 
participate in taking the T-STEM-EL survey.  Teachers had at least a week to review the 
Informed Consent prior to enrolling.  Teachers could enroll in the study anytime from 
Monday, April 20th through Monday, May 4th 2015.  Prior to beginning the survey online 
at SurveyGizmo, an electronic copy of the Informed Consent script has been available to 
participant review.  
Parent or Guardian Consent and Child Assent for S-STEM-EL 
  Parent or guardian consent.  The individual names and emails of the upper 
elementary (4th and 5th grade) parents were not obtained from the school district’s Human 
Resources Director.  The school district’s automated email message service, Global 
Connect, was used instead to email, collectively not individually, all identified parents 
and guardians of 4th and 5th grade students with email addresses on file with the school 
district.  The parents and guardians were informed of their child’s opportunity to 
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participate in taking the S-STEM-EL survey via both an Information email and letter 
(Appendix D).  Both were sent on Monday, April 13, 2015.  The email to parents and 
guardians contained the following attachments: a) copy of the Informed Consent 
document, b) a copy of the S-STEM-EL survey instrument, and c) a copy of the Child 
Assent form.  Only students whose parents or guardians did not object to their child 
taking the survey were invited to take it, and, of those, only students who agreed on the 
Child Assent form actually took it.  Parents and guardians had the possibility to opt their 
child out until May 11th.  The individual names of upper elementary students, and their 
corresponding classroom teacher, were obtained from each of the three building 
principals for the purpose of identifying those students whose parents or guardians did 
wish their child to participate. 
 Child assent. The researcher had a list of students, and their corresponding 
teachers, with those students whose parents or guardians did not wish their child to take 
the survey being clearly marked.  All students except those noted above, were given two 
copies of the Child Assent (Appendix F) form signed by the researcher.  The researcher 
read the form aloud as students read along silently, pausing to ask if students have any 
questions.  Only students who signed the Assent form were given an S-STEM-EL survey.  
Students kept one copy and turned in one copy to the researcher.  Students who chose not 
to sign the Child Assent, as well as students whose parents or guardians objected were 
given an alternative paper-based activity to complete.  This activity was selected by the 
upper elementary classroom teachers and was also provided for those students to work on 
once they finished the survey. 
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Informed Consent for ETP Interviews 
The consenting process for conducting the ETP interviews took place at the 
convenience of teacher-participants through use of their email and school district 
interoffice mail.  Teacher-participants were informed of the study initially via both email 
and letter on Monday, April 13th.  Only teachers who completed the T-STEM-EL survey 
were informed of the interview portion of the study on Monday, May 11th 2015, again via 
both email and letter.  They were again provided a copy of the Informed Consent 
document signed by the researcher similar to the one they signed for the T-STEM-EL 
portion of the study.  Teachers could a couple of weeks to review the Informed Consent 
for the ETP interviews, as they could schedule an interview anytime between Monday, 
May 11th and the end of June 2015.  Once an interview date, time, and place had been 
established, the interview protocol began with an oral review of the Informed Consent 
form and time for questions, face-to-face with the researcher. 
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Table 3.1 
Five Data Sets 
Data Set Instrument/Source  
1. Teachers’ Efficacy (TE) T-STEM-EL Survey 
2. Opportunity to Learn (OTL) T-STEM-EL Survey 
3. Students’ Attitudes (SA) S-STEM-EL Survey 
4. Teachers’ Perceptions ETP Interview Protocol 
5. Curriculum Resources Math & Science CRs 
 
 
 
Table 3.2 
 
Four Instruments or Data Sources 
Abbreviation Name(s) 
1. T-STEM-EL Teacher Efficacy and Attitudes towards STEM Survey: Upper 
Elementary 
2. S-STEM-EL Student Attitudes towards STEM Survey: Upper Elementary 
3. ETP IP Elementary Teachers’ Perceptions of the Influences on Students’ 
Attitudes toward STEM Interview Protocol 
4. CRs Math and Science Curriculum Resources 
• Pennsylvania Academic Standards and Assessment 
Anchors  
• District curriculum  
• Teacher’s Editions of program textbooks 
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Table 3.3 
 
Three Phases 
Phase Instrument/Source Data Set 
1.  T-STEM-EL Survey  
S-STEM-EL Survey 
Teachers’ Efficacy (TE) 
Opportunity to Learn (OTL) 
Students’ Attitudes (SA) 
2.  ETP Interview Protocol Teachers’ Perception 
3.  Math & Science CRs Curriculum Resources 
 
 
 
Table 3.4 
Three Constructs 
Data Set Instrument/Source  
1. Teachers’ Efficacy (TE) T-STEM-EL Survey, ETP IP 
2. Opportunity to Learn (OTL) T-STEM-EL Survey, ETP IP, CRs 
3. Students’ Attitudes (SA) S-STEM-EL Survey, ETP IP 
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Table 3.5 
Data Collection Time Line 
Phases, Instruments/Data Sources, and Data Sets  Spring – Summer 2015 
PHASE ONE: Surveys: TE, OTL, and SA Data Sets  
Distribution of T-STEM-EL Information Letter & Email to Teachers Monday, April 13th 
Distribution of S-STEM-EL Information Letter & Email to Parents and 
Guardians  
Monday, April 13th 
Opt out by May 11th 
Distribution of T-STEM-EL Invitation to Participate Email Monday, April 20th  
Administration of T-STEM-EL Survey Instrument  
• Electronic distribution of SurveyGizmo link using school 
district email addresses.  
Monday, April 20th  
Survey closes May 4th 
Administration of S-STEM-EL Survey Instrument 
• Distribution of paper copies during the school day. 
Wednesday, May 13th  
Post-PSSA testing windows 
Analysis of T-STEM-EL Data: TE and OTL data sets 
• QT: Numerical coding: Descriptive statistics. 
• QL: Description of trends. 
End of June – mid July 
Analysis S-STEM-EL Data: SA data set 
• QT: Numerical coding: Descriptive statistics. 
• QL: Description of trends. 
End of June – mid July 
PHASE TWO: Interviews: Teachers’ Perceptions Data Set  
Distribution of ETP Interview Invitation to Participate Email  Tuesday, May 26th  
Post Memorial Day Holiday 
Completion of ETP One-on-One Interviews  Beginning of June 
Analysis of ETP Interview Data: Teachers’ Perceptions data set 
• QL: Opening coding using pre-determined and emergent 
categories: Description of trends. 
• QL: Cross interview analysis: Description of themes. 
End of June – mid July 
PHASE THREE: CRs: Curriculum Resources Data Set  
Procurement of math and science CRs: 
• Pennsylvania Academic Standards and Assessment Anchors 
documents. 
• District Curriculum documents. 
• Teacher’s Editions of program textbooks. 
Ongoing January – July 
Analysis of Curriculum Resources Data: Curriculum data set 
• QL: Description of alignment among resources. 
Ongoing January – July 
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Table 3.6 
Demographics for Teachers Participating in ETP Interviews 
Interviewee Gender Grade Level Years Teaching 
Experience 
Clint M 5th  ≥ 10 yrs  
Cyd F 4th  ≥ 10 yrs  
Eve F 5th  < 10 yrs 
Kai F 4th  < 10 yrs 
Mae F 5th  ≥ 10 yrs 
Seth M 5th  < 10 yrs 
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Table 3.7 
Comparison of T-STEM-EL Math and Science Attitudes Questions by Subscales: 
Confidence and Perceived Usefulness* 
Original S-STEM-EL 
Attitudes toward Math 
8 questions 
 Original S-STEM-EL 
Attitudes toward Science 
9 questions 
 Modified S-STEM-EL 
Attitudes toward 
Science/Math 
10 questions 
Confidence in Subject 
Math has been my worst 
subject. (Q1) 
    
I am the type of student who 
does well in math. (Q4) 
 I know I can do well in 
science. (Q14) 
 I know I can do well in 
science/math. (Qs1/11) 
I can understand most 
subjects easily, but math is 
difficult for me. (Q5) 
 I can understand most subjects 
easily, but science is hard for 
me to understand. (Q16) 
 I can understand most subjects 
easily, but science/math is 
hard for me. (Qs3/13) 
In the future, I could do 
harder math problems. (Q6) 
 In the future, I could do harder 
science work. (Q17) 
 In the future, I could do harder 
science/math problems. 
(Qs7/17) 
I can get good grades in math. 
(Q7) 
    
I am good at math. (Q8)    I am not good at science/math. 
(Qs9/19) 
  I feel good about myself when 
I do science. (Q9) 
 I feel good about when I do 
science/math. (Qs5/15) 
Math is hard for me. (Q3)     
Perceived Usefulness of Subject 
When I’m older, I might 
choose a job that uses math. 
(Q2) 
 I might choose a career in 
science. (Q10) 
 I might choose a job that uses 
science/math. (Qs2/12) 
  After I finish high school, I 
will use science often. (Q11) 
 After I finish high school, I 
won’t use science/math often. 
(Qs8/18) 
  When I am older, knowing 
science will help me earn 
money. (Q12) 
 When I am older, knowing 
science/math will help me 
earn money. (Qs4/14) 
  When I’m older, I will need to 
understand science for my job. 
(Q13) 
 When I’m older, I will need to 
understand science/math for 
my job. (Qs10/20) 
  Science will be important to 
my future career. (Q15) 
 Science/Math will be not 
important to my future career. 
(Qs6/16) 
 
∗ Note: Questions worded negatively are shaded.  
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Table 3.8 
Interview Question Design Showing Corroboration of Study Constructs 
ETP Interview Question Research Construct  
4a. How does the amount of time you actually spend on Math compare to what’s 
expected and what influences the amount of time you spend? 
OTL 
IT: Math 
4b. Describe a typical Math lesson/ activity. 
4c. To what extent do you include real-world applications of Math? 
5a. What is your awareness of the PA’s Core Math Standards? OTL 
EC: Math 5b. How prepared did you feel to teach the Core Math Standards? 
5c. How are the Core Math Standards an improvement compared to the previous 
math standards? 
5d. How have the Core Math Standards changed the way you teach math? 
3a. How does the amount of time you actually spend on Science compare to 
what’s expected and what influences the amount of time you spend?  
OTL 
IT: Science 
3b. Describe a typical Science lesson/ activity. 
3c. To what extent do you include real-world applications of Science? 
6a. What is your awareness of PA’s Science & Technology Standards (ST) and 
Environment & Ecology Standards (EE)?  
OTL 
EC: Science 
6b. How prepared did you feel teaching the ST and EE Standards? 
6c. Based on your experience with the implementation of national math 
standards- the Common Core State Standards for Math this year, how would 
you feel if national science standards, the Next Generation Science Standards 
(NGSS) were implemented?  Are you familiar with those? 
7. To what extent does your teaching of science overlap with math or vice-
versa?  
OTL 
Cross-curricular  
1a. What is your perspective on the importance of teaching Math compared to 
other subjects in the 21st century?  
TE 
MTEB 
1b. What influenced your perspective? 
1c. How do you think your perspective influences your students? 
2a. What is your perspective on the importance of teaching Science compared to 
other subjects in the 21st century?  
TE 
STEB 
2b. What influenced your perspective? 
2c. How do you think your perspective influences your students? 
9a. Based on your observations, how confident are your students in Math? SA 
Math 9b. Based on your observations, do your students’ believe Math is useful? 
9c. What strategies do you use to develop students’ (+) attitudes toward Math? 
10a. Based on your observations, how confident are your students in Science? SA 
Science 10b. Based on your observations, do your students’ believe Science is useful? 
10c. What strategies do you use to develop students’ (+) attitudes toward Science? 
8a. How do you integrate the Career, Education, and Work (CEW) Standards? STEM Career 
Awareness and 
Integration of CEW 
8b. Based on your observations, which 3 STEM-related careers interest students:  
Physics, Environmental Work, Biology, Veterinary Work, Mathematics, 
Medicine, Earth Science, Computer Science, Medical Science, Chemistry, 
Energy/Electricity, and/or Engineering. 
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Table 3.9 
Research Question Matrix: Instruments, Data, and Analysis 
Instrument/  
Data Source 
Data Analysis Research 
Question  
Teacher Efficacy and Attitudes 
Toward STEM- Upper 
Elementary Survey  
(T-STEM-EL) 
 
Quantitative: (number of questions) 
T-STEM-EL Data Categories (83) 
1. MTEBS (20) 
a. PMTEBS (10) 
b. MTOES (10) 
2. STEBS (20) 
a. PSTEBS (10) 
b. STOES (10) 
3. Student Technology Use (8) 
4. STEM Instruction (14) 
5. 21st Century Learning (11) 
6. Teacher Leadership (6) 
7. STEM Career Awareness (4) 
Opportunity to learn (varies) 
1. IT (1) 
2. Extent of EC Covered (varies) 
a. 4th grade science (64) 
4th grade math (40) 
b. 5th grade math (25) 
5th grade science (41) 
 
Quantitative: 
Descriptive 
statistics: 
• Average 
Categorical 
Scores 
• Categorical 
Percentages 
Qualitative: 
Trend 
Description 
 
  
RQ1 
 
RQ2 
Student Attitudes Toward STEM- 
Upper Elementary 
(S-STEM-EL) 
 
Quantitative: (number of questions) 
S-STEM-EL Data Categories (40)  
1. Attitudes toward Math (10) 
a. Confidence (5) 
b. Usefulness (5) 
2. Attitudes toward Science (10) 
a. Confidence (5) 
b. Usefulness (5) 
3. Engineering & Technology 
Interest (9) 
4. 21st Century Learning (11) 
 
Quantitative: 
Descriptive 
statistics: 
• Average 
Categorical 
Scores 
• Categorical 
Percentages 
Qualitative: 
Trend 
Description 
 
RQ1 
 
RQ2 
Elementary Teacher Perceptions 
of Influences on Students’ 
Attitudes Interview  
(ETP) 
Qualitative: 
ETP Pre-determined Categories (IP Q#) 
1. OTL: Math 
a. IT (Q4) 
b. Extent of EC Covered (Q5) 
2. OTL: Science 
a. IT (Q3) 
b. Extent of EC Covered (Q6) 
3. MTEB (Q1) 
4. STEB (Q2) 
5. Students’ Attitudes: Math (Q9) 
6. Students’ Attitudes: Science 
(Q10) 
7. STEM Integration (Q7) 
8. CEW Integration (Q8) 
Qualitative:  
Theme 
Identification 
• Open 
Coding 
• Cross-
Interview 
Analysis 
 
RQ1 
 
RQ2 
 
RQ3 
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Instrument/  
Data Source 
Data Analysis Research 
Question  
(Table 3.4, cont.) 
 
Curriculum Resources:  
 
1. District Level: 
a. Standards for Mathematical 
Content preK-12 
i. 2.1 Numbers and 
Operations  
ii. 2.2 Algebraic Concepts  
iii. 2.3 Geometry  
iv. 2.4 Measurement, Data 
and Probability  
b. Elementary Math Pacing 
Calendars 
c. Science Curriculum 
Emphasis Guides  
i. Grade 4  
ii. Grade 5  
 
2. State Level, Department of 
Education: 
a. Academic Standards for 
Mathematics 
b. Mathematics: Assessment 
Anchors and Eligible 
Content 
i. Grade 4 
ii. Grade 5 
c. Academic Standards for 
Science and Technology  
d. Academic Standards for 
Environment and Ecology 
e. Academic Standards for 
Science and Technology and 
Engineering Education 
f. Science Assessment Anchors 
and Eligible Content 
i. Grade 4  
ii. Grade 5 
 
3. National Level 
a. EnVisionMATH: Common 
Core, Teacher’s Edition  
i. Grade 4 
ii. Grade 5 
b. Pennsylvania HSP Science, 
Teacher’s Edition 
i. Grade 4 
ii. Grade 5 
 
 
Qualitative: 
Pre-determined Categories, as 
applicable: 
 
- Big Ideas/ Unit Essential 
Questions 
- Lesson Essential Questions 
- Concepts/ Content 
- Competencies/ Skills 
- Essential Vocabulary 
- Eligible Content 
- Standard Categories 
- Reporting Categories/ Domains 
- Assessment Anchors 
- Differentiation 
- Cross-curricular Integration 
- Organization 
- Pacing 	  
 
 
Qualitative: 
Trend 
Description 
 
 
RQ1 
 
RQ3 
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CHAPTER 4: FINDINGS AND DISCUSSION 
Introduction 
 As introduced in Chapter 1, the purpose of this study was to better understand 
influences on upper elementary students’ attitudes (SA) toward STEM subjects and 
careers by exploring the influences of opportunity to learn (OTL) and teachers’ efficacy 
(TE) in the comparative contexts of math and science.  The convergent design of this 
study leads the findings of this Chapter to be presented as separate data sets, organized by 
instrument or data source and phase; the five data sets are presented in the same sequence 
in which they were collected, as described in Chapter 3.  The first data set presented 
represents the SA construct, obtained from S-STEM-EL.  The second data set presented 
represents the TE construct, obtained from T-STEM-EL.  The third data set presented 
represents the OTL construct, also obtained from T-STEM-EL.  The fourth data set 
comprises teachers’ perceptions of the influences on SA, obtained from the ETP 
interviews.  The fifth and final data set comprises math and science curriculum resources 
(CRs)..  The research sub-questions are presented alongside their corresponding data 
set(s).  Following the presentation of findings from the data sets, this Chapter concludes 
with a discussion of corroborating data to reveal the key trends and themes that underpin 
the conclusions and recommendations in Chapter 5. 
Findings 
Data Set: Students’ Attitudes toward STEM (SA) 
Following the data analysis described in Chapter 3, most of the results of the S-
STEM-EL survey represent the construct of SA, and are organized into the following four 
categories: a) attitudes toward math (Math), b) attitudes toward science (Science), c) 
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engineering and technology interest (Eng. & Tech.) and d) 21st century learning attitudes 
(21st).  The results of the math and science categories are also reported by sub-categories: 
a) confidence in math or science and b) perceived usefulness of math or science.  The rest 
of the results from the two sections of S-STEM-EL, entitled “Your Future” and “About 
Yourself,” are presented as students’ top three career interests, interest in pursuing 
advanced math and science, and their self-expectation of performance in math and 
science classes.  Results are presented first as an “S-STEM-EL score” with categorical 
scores and percentages representing total score out of maximum possible score.  Second, 
results are presented as average response values for all the questions in each category.  
When applicable, results are reported by students’ demographics: grade level and gender.  
Third, individual questions of note from each category are presented as percentages of 
teachers who agree (includes “strongly agree”) and disagree (includes “strongly 
disagree”).  Most results are arranged either in tabular or pie chart format for ease of 
presentation.  The data set presented here is used to answer the following research sub-
question: What are students’ attitudes toward STEM?      
Students’ overall attitudes toward STEM.  Students’ average total S-STEM-EL 
score was 125.4 out of a maximum of 160 or 78.4%.  Considering total scores by 
students’ demographics revealed consistency as scores range from 77.5 – 79.4% (Table 
4.1).  Of the four categories comprising the S-STEM-EL score, science was the lowest 
scoring category (75.9%) and 21st was the highest (82.3%), meaning that the least 
positive attitude was toward science.  Considering categorical scores by students’ 
demographics did not reveal any noteworthy patterns.  In addition to presentation of S-
STEM-EL survey data as total categorical scores, average response values for the 
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questions comprising each category are also shown.  This alternative representation 
revealed the same pattern mentioned above for categorical scores: the average question 
response value for science was the lowest (3.0) and 21st was the highest (3.3).  Again, 
students’ demographics do not reveal any noteworthy patterns (Table 4.2). 
Students’ attitudes toward math and science.  The difference between total 
categorical scores for math (78.7%) and science (75.9%) as shown in Table 4.1 did not 
appear noteworthy; however, reporting math and science attitudes by sub-category was. 
noteworthy.  The sub-categories of attitudes noted here are “confidence in subject” and 
“perception of subject usefulness.”  Although students’ attitudes toward science overall 
are lower than they are toward math, their confidence in science (82%) is actually slightly 
higher than in math (80%) with girls showing the highest confidence in science overall 
(84.5%).  It is the students’ low perceived usefulness of science (69.5%) compared to 
math (77.5%) that reduced students’ overall science attitudes.  These patterns were 
consistent among students’ demographics (Table 4.3).  The alternative representation of 
average response values for the questions revealed the same pattern mentioned above for 
sub-categorical scores; the average question response value for confidence in science was 
the highest (3.3), and perceived usefulness of science was the lowest (2.8), without 
noteworthy patterns for students’ demographics (Table 4.4).  
Questions of note from the math and science categories include those with the 
highest percentage of students agreeing, and those with the lowest.  94.3% of students 
agreed or strongly agreed with the following, “I know I can do well in math.”  On the 
other hand, only 62.9% of students agreed or strongly agreed with the following, “I might 
choose a job that uses math.”  As with math, 97.3% of the students agreed with “I know I 
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can do well in science.” Also similar to math, students (59.0%) did not agree highly that 
they might choose a job that uses science. However, two questions showed an even lower 
positive response: “When I am older, knowing science will help me earn money” (55.7%) 
and “When I’m older, I will need to understand science for my job” (57.5%).  Many more 
students agreed with those two statements in the context of math, 87.4% and 82.5%, 
respectively. 
In addition to being asked categorical attitudinal questions, students were asked 
how well they expected to do in their math and science classes for the year.  Overall 
60.8% percent of students expected to do “very well” in math, with slightly more, 63.1%, 
expecting the same in science class.  About a third of the students indicated that they 
expected to do “OK” in math; the same expectation was held for science.  Actual final 
grades for math and science, obtained from the case school district, show that the average 
grade earned in science (90.0%) is nearly five percentage points higher than that earned 
for math (85.4%).  Students’ perceptions of their expected performance compared to final 
grades in math and science are presented in Table 4.5.  As shown in the table, the highest 
perception of performance was seen for fifth grade, with 97.4% of students expecting to 
do “OK” or “very well” in science, and this perception was accompanied by the highest 
final grade of 90.9% in science.   
Students’ interest in STEM careers.  Students were asked on the S-STEM-EL 
survey if they planned to take advanced math or science classes in the future.  Nearly 
two-thirds of students responded in the affirmative (Figure 4.1).  Finally students were 
asked to indicate their interest in12 different STEM careers: physics, environmental 
work, biology, veterinary work, mathematics, medicine, earth science, computer science, 
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medical science, chemistry, energy/electricity, and engineering.  Results for most of the 
careers were split into thirds, with approximately one- third of students indicating “very 
interested,” another third indicating “somewhat interested,” and the last third indicating 
“not very interested.”  For example, the fourth most interesting career to students, 
computer science, featured 32.9% of students very interested, 32.3% having somewhat of 
an interest, and 34.4% not interested.  The top three career interests showed a departure 
from the trend of “thirds.”  The careers perceived as very interesting among the upper 
elementary students were veterinary work (45%), biology (40%), and engineering (39%), 
as shown in Figures 4.2a – c.  Upon consideration of students’ demographics, the interest 
in veterinary work became more pronounced for boys (62%) as shown in Figure 4.2d, 
compared to girls (26%), while engineering became more pronounced for girls (46%) as 
shown in Figure 4.2e.   
Questions of note from the Eng. & Tech. category include the one with the 
highest percentage of students agreeing, and the one with the lowest.  85.6% of students 
agreed or strongly agreed with the following, “I want to be creative in my future jobs.”  
On the other hand, only 53.5% of students agreed or strongly agreed with the following, 
“Designing products or structures will be important in my future job.”  This is 
noteworthy as it indicates a general interest in creativity but not a specfic interest in 
creativity as it applies to product design.  Another particular question of note in this 
section includes students’ perception of the importance of math and science intergration, 
“Knowing how to use math and science together will help me to invent useful things.”  
78.7% of students agreed with this particular statement. 
21st century learning atttitudes.  Questions in the 21st category did not show as 
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dramatic a difference between the highest percentage of students agreeing and the lowest 
as discussed above.  94.3% of students agreed or strongly agreed with the following, “I 
respect all children my age even if they are different from me.”  On the other hand, only 
81.0% of students agreed or strongly agreed with the following, “When I make decisions, 
I think about what is good for other people.”  But even this lowest percentage question in 
the 21st category is high compared to the lowest questions mentioned above for the other 
three sub-categories of SA.  The low 81.0% in 21st is approximately 20 percentage points 
higher than math (62.9%), science (55.7%), and eng. & tech (53.5%), which are each at 
approximately the sixty percent mark.  Twenty-first century learning attitudes, therefore, 
can be described as a strength of SA.  
Data Set: Teachers’ Efficacy and Attitudes toward STEM (TE) 
Following the data analysis described in Chapter 3, approximately half of the 
results of the T-STEM-EL survey represent the construct of TE, and are organized into 
the following seven categories: a) math teaching efficacy beliefs (MTEB), b) science 
teaching efficacy beliefs (STEB), c) student technology use (Tech.), d) STEM instruction 
(STEM), e) 21st century learning attitudes (21st), f) teacher leadership attitudes (Lead.), 
and g) STEM career awareness (Career.).  MTEB and STEB are also reported by sub-
categories or subscale: personal math or science teaching efficacy belief (PMTEB and 
PSTEB, respectively) and b) math or science teaching outcome expectancy (MTOE and 
STOE, respectively).  As with the SA data set, results are presented first as a T-STEM-
EL “score” with categorical scores and percentages representing total score out of 
maximum possible score.  Second, results are presented as average response values for all 
the questions in each category.  When applicable, results are reported by teachers’ 
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demographics of grade level, years of teaching experience, and gender.  Third, individual 
questions of note from each category are presented as percentages of teachers who agree 
(includes “strongly agree”) and disagree (includes “strongly disagree”).  Most results are 
arranged in either tabular or pie chart format for ease of presentation.  This data set ends 
with a presentation of teachers’ reflections on STEM.  The data set presented here is used 
to answer the following research sub-questions: a) What are teachers’ attitudes towards 
STEM?  b) What are teachers’ math teaching efficacies?  and c) What are teachers’ 
science teaching efficacies? 
Teachers’ overall attitudes toward STEM.  Teachers’ average total T-STEM-
EL score is 247.6 out of a maximum of 332, or 74.6%.  Considering total scores by 
teachers’ demographics revealed some variation in scores as they range from 70.3 – 
77.6% (Table 4.6).  The former low score corresponds to teachers who have been 
teaching for 10 or more years, while the latter corresponds to teachers with less than 10 
years of teaching experience.  Also shown in Table 4.6 are the contributions of each 
category to the overall score, and their overall scores as percentages.  Both MTEB and 
STEB contribute the most to the score.  Teachers’ MTEB (78.5%) and STEB scores 
(75.6%) do not appear remarkably different from each other, nor do they differ much 
from the over T-STEM-EL score (74.6%).  Teachers’ highest categorical scores were 21st 
(95.5%) and Lead. (95.0%) in which teachers responded to questions such as the 
importance of student empowerment..  Teachers’ lowest category was Career (53.8%) 
followed by STEM (57.0%) and Tech. (59.3%) 
The 14 questions comprising the STEM category probed teachers’ incorporation 
of inquiry, problem-solving, and critical-thinking skills, as well as connections to a real-
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world and/or career context.  The lowest scoring question in this category, with an 
average response value of 1.82, indicating slightly less than some of the time, is 
noteworthy: “During STEM, science, or math instructional time, students learn about 
careers related to the instructional content.”  The lowest scoring question in the Tech. 
category, with an average response value of 1.64, is also noteworthy: “During STEM, 
science, or math instructional time, students work on technology-enhanced projects that 
approach real-world applications of technology.”  Upon consideration of demographics, a 
discrepancy in Tech. scores appeared.  Teachers who have been teaching for 10 or more 
years had very low Tech. category scores (43.8%) compared to those teachers with less 
than 10 years of teaching experience (70.5%).   
In addition to presentation of T-STEM-EL survey data as total categorical scores, 
average response values for the questions comprising each category are also shown in 
Table 4.7.  This alternative representation revealed the same patterns mentioned above 
for categorical scores.  MTEB and STEB do not appear remarkably different from each 
other, with an average response value of 3.2 and 3.1, respectively.  Teachers’ highest 
average response value was 3.8 in the 21st and Lead. categories, and the lowest values are 
2.3 – 2.4 in Tech., STEM, and Career categories.  The discrepancy between teachers’ 
Tech. scores based on years of teaching experience is also evident in their response 
values. Teachers with 10 or more years of experience had a low average response value 
(1.7) compared to those teachers with less than 10 years experience (2.8).   
Teachers’ efficacy in math and science.  The difference between total 
categorical scores for teachers’ MTEB (78.5%) and STEB (75.6%) as shown in Table 4.6 
did not appear noteworthy; however reporting the math and science efficacies by sub-
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category was noteworthy.  A difference is shown in science between PSTEB (78.4%) and 
STOE (72.2%) but shows more so in math between PMTEB (84.3%) and MTOE (71.5%)  
The later sub-categories, also known as outcome expectancy (OE), probed teachers’ 
attribution of students’ learning to their teaching, compared to the former sub-categories 
which probed confidence in personal teaching (PT).  Although OEs for both math and 
science are lower than PTs, they are approximately similar (71.5% and 72.2%, 
respectively).   However, the PT in math (84.3%) is approximately five percentage points 
higher than science (78.4%).  Table 4.8 shows PTs and OEs by teachers’ demographics.  
Noteworthy demographics for OE include the highest math OE scores for teachers 
with less than 10 years of experience (74.2%) and the lowest math OE for teachers with 
10 or more years of experience (67.8%).  The difference between these OEs of nearly six 
percentage points suggests a possible teaching experience effect on math OE. The highest 
science OE score was earned by 4th grade teachers (74.6%).  Interestingly, the lowest 
science OE score was among 5th grade teachers (68.9%), suggesting a possible grade 
level effect on science OE, but an effect opposite to that noted for PT.  In both math and 
science OE subscales, MTOE and STOE, the lowest scoring individual question was, “If 
students’ learning in math/science is less than expected, it is most likely due to ineffective 
math/science teaching.” 
Noteworthy demographics for PT include the highest math PT scores for male 
teachers (90.9%) and 5th grade teachers (90.0%) and the lowest math PT for 4th grade 
teachers (80.2%).  The difference between grade levels of nearly 10 percentage points 
suggests a possible grade level effect on math PT. The highest science PT score was 
earned by teachers with less than 10 years of experience (82.3%), but was still seven 
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percentage points lower than the highest math PT (90.9%).  Interestingly, the lowest 
science PT score was among teachers with 10 or more years of experience (71.4%), 
suggesting a possible teaching experience effect on science PT.  In both math and science 
PT subscales, PMTEB and PSTEB, the lowest scoring individual question was “I wonder 
if I have the necessary skills to teach math/science” (2.8 for both math and science). .The 
second lowest scoring question was “I know what to do to increase student interest in 
math/science” (3.1 and 3.0, respectively). 
Considering both PT and OE in math and science suggests that a higher PT 
doesn’t necessarily imply a higher OE.  Additionally a higher PT or OE in math does not 
necessarily imply a higher PT or OE in science.  This is worth noting in the interest of 
enhancing overall TE.  Since both math and science show low OEs, this aspect of 
teaching efficacy may be a better target than PT simply because there is more room for 
improvement.  Should PT be targeted, following a similar logic of having more room for 
improvement, science PT should be emphasized. 
Teachers’ reflections on participating in the T-STEM-EL.  At the conclusion 
of the T-STEM-EL survey, teacher-participants were asked a self-reflective, open-ended 
question, “How has participating in this study changed your awareness of STEM 
education?  Please elaborate.  If completing this survey has not changed your awareness 
indicate n/a.”  Of the 12 teachers participating, seven responded to the question.  Open-
coding of the participants’ responses resulted in the identification of two STEM 
awareness themes: a) STEM as a cross-curricular integration and b) insufficient 
curriculum or coverage of STEM subjects.  Participants’ quotes are presented in Table 
4.9.  Overall, the findings from the teachers’ reflections represent their acknowledgement 
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of value in STEM integration.  They expressed awareness in recognizing both where 
STEM integration may already occur as well as where it should occur.  
Data Set: Opportunity to Learn (OTL) 
The OTL construct and its sub-constructs, the amount of instructional time (IT) 
and the extent of coverage of eligible content (EC), were measured using supplemental 
questions on the T-STEM-EL survey instrument.  Participants were asked two IT 
questions, one for math and one for science.  The number of questions used to measure 
EC varied both between math and science, and also by grade level.  However, the 
categories defining coverage of EC were consistent between the grades.  Math EC was 
categorized into five reporting categories or domains: a) numbers and operations in base 
ten (BASE 10), b) numbers and operations – fractions (FRAC.), c) operations and 
algebraic thinking (ALG.), d) geometry (GEO.), and e) measurement and data (MEAS.).  
Science EC was categorized into four reporting categories: a) the nature of science 
(NOS), b) biological sciences (BS), c) physical sciences (PS), and d) earth and space 
sciences (ESS).  The data set presented here is used to answer the following research sub-
questions: a) What is the extent of the opportunity to learn math? and b) What is the 
extent of the opportunity to learn science? 
Amount of IT.  In response to a single T-STEM-EL survey question each for 
math and science, “Considering MATH/ SCIENCE on a typical day in your schedule, 
how much time do you spend, on average, on math/science instruction and math-
related/science-related activities per day?  Answer based on the time you ACTUALLY 
spend, not what you are expected to spend,” teacher-participants reported strikingly 
different amounts of time between the two.   
	  	  
88 
Math.  Forty-five minutes was the minimum amount of time spent on math, with 
approximately four participants indicating that amount.  The other eight teacher-
participants reported spending an hour or more on math per day (Figure 4.3).  
Science.  The instructional milieu for science revealed a much more limited 
amount of time, with more than half (N = 7) of the teacher-participants indicating that 
they spend 30 minutes or less per day.  The remaining five teacher participants reported 
spending about 45 minutes per day on science.  No one reported spending more than 45 
minutes per day on science (Figure 4.4). 
Extent of coverage of EC. 
Math.  Math EC was categorized into five reporting categories or domains: a) 
numbers and operations in base ten (BASE 10), b) numbers and operations – fractions 
(FRAC.), c) operations and algebraic thinking (ALG.), d) geometry (GEO.), and e) 
measurement and data (MEAS.).  Teacher-participants were asked to rank their coverage 
of each statement of EC from “not at all” to “in-depth.”  Fourth grade teachers were 
asked to respond to the 120 statements of math EC, while fifth grade teachers were asked 
to respond to 75, per the Pennsylvania Department of Education’s (PDE) list of EC in 
Assessment Anchors documents.  Among the five math domains, BASE 10 was covered 
the most in-depth among both fourth and fifth grade teachers.  Fourth grade (N = 7) 
teachers reported 94.6% coverage, and fifth grade (N = 5) teachers reported 98.3% 
coverage.  Overall fourth and fifth grade teachers reported similar in-depth coverage of 
math EC (87.3% and 90.4%, respectively).  The domain of least coverage for fourth 
grade teachers was MEAS. (73.5% coverage) and for fifth grade teachers was FRAC. 
(81.3% coverage).  The data show the discrepancy in coverage between the domain most 
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covered and domain least covered is larger among the fourth grade teachers than among 
fifth grade teachers.  The other two domains, ALG. and GEO. appear to be covered to the 
same extent between both fourth and fifth grade teachers (Table 4.10). 
In addition to presentation of coverage of math EC as total categorical scores, 
average response values for the questions comprising each category are also shown in 
Table 4.11.  The average response values among the categories show approximately the 
same discrepancies in coverage between the most and least covered domains.  For fourth 
grade teachers; BASE 10 was the most (2.8) and MEAS. was the least (2.2).   For fifth 
grade teachers BASE 10 was the most (3.0) and GEO. was the least (2.6).  In terms of 
total categorical coverage, fifth grade teachers’ least covered domain was FRAC.; 
however, in terms of average response value, it appears to be GEO (2.6).  This difference 
is explained by the low coverage of one of the statements of EC in the FRAC. domain, in 
which there are only five statements of EC, which had a strong impact on reducing the 
entire category.  The low scoring statement of FRAC, EC follows: “Demonstrate an 
understanding of multiplication as scaling (resizing).”  In general, the domains, ALG. and 
GEO., appear to be covered to the same extent between both fourth and fifth grade 
teachers.  In presenting the data as average response values and comparing to total 
categorical scores presented above, a difference is noted. Consideration of teachers’ 
demographics did not reveal any noteworthy patterns.   
Science.  Science EC was categorized into four reporting categories: a) the nature 
of science (NOS), b) biological sciences (BS), c) physical sciences (PS), and d) earth and 
space sciences (ESS).  Teacher-participants were asked to rank their coverage of each 
statement of EC from not at all to in-depth.  Fourth grade teachers were asked to respond 
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to the 192 statements of science EC, while fifth grade teachers were asked to respond to 
123, per PDE’s list of EC in Assessment Anchors documents.  Overall fourth grade 
teachers reported covering 74.6% of science EC in-depth, while fifth grade teachers 
reported much less in-depth coverage of science EC at only 66.7%.  Among the five 
science domains, BS was covered the most in-depth among fourth grade teachers with 
82.8% coverage.  PS was covered the most in-depth among fifth grade teachers with 
75.6% coverage.  The science domain of least coverage for both fourth and fifth grade 
teachers was ESS, with teachers indicating 63.7% and 50.0% coverage, respectively.  
Overall, the fifth grade teachers consistently report less in-depth coverage of each of the 
science domains compared to fourth grade teachers (Table 4.12). 
In addition to presentation of coverage of science EC as total categorical scores, 
average response values for the questions comprising each category are also shown in 
Table 4.13.  The average response values among the categories show the same patterns 
discussed above.  Among all teachers, in-depth coverage of the ESS domain is the least, 
and fifth grade teachers consistently report less in-depth coverage across all four science 
domains.  Consideration of teachers’ demographics did not reveal any noteworthy 
patterns.   
Data Set: Teachers’ Perceptions  
The three constructs of the study, OTL, TE, and SA, were used both in designing 
the questions and in analyzing teacher-participant responses.  Teachers’ perceptions of 
the three constructs overlapped in the responses.  Coding of participants’ responses 
revealed OTL to be the most discussed construct.  Thus, the findings of OTL are 
presented first, with math and science presented separately.  Findings related to cross-
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curricular integration are included with OTL.  Findings regarding SA toward math and 
science follow and include a section Importance of math and Importance of science, 
respectively, which offer insight into teachers’ perceptions of their own TE.  The findings 
of STEM Career Awareness follow.  This data set ends with a presentation of teachers’ 
reflections on STEM.  When appropriate, interview data has been tabularized for ease of 
presentation.  The data set presented here is used to contribute further to answering the 
following research sub-questions presented above: a) What are students’ attitudes toward 
STEM?  b) What is the extent of opportunity to learn math? c) What is the extent of 
opportunity to learn science?  and d) What are teachers’ attitudes towards STEM? 
Perception of the OTL math.  In order to gain insight into teacher-participants 
perspectives of opportunity to learn math, participants were asked questions about 
instructional time (IT) and eligible content (EC), such as describing a typical math lesson.  
Participants were also asked to indicate the extent to which their teaching of math 
integrated science as well as the Career, Education, and Work (CEW) Standards.  Three 
trends were identified among the participants and categorized as descriptive of a) EC and 
curriculum, b) cross-curricular integration, and c) IT.  These three trends will be 
presented below as patterns among participants, supported with participants’ quotes, 
words and phrases.  Tables 4.14 and 4.15 show the patterns and trends, respectively, 
presented below. 
 Coverage of math EC and curriculum.  The first trend of OTL math is coverage 
of EC and curriculum.  Teachers’ perceptions and corresponding descriptions of the 
coverage of math EC at the upper elementary level involve the following: a) in-depth 
discussions; b) higher-level problem solving; c) critical thinking; d) student-centered 
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explanations; e) consistency among teachers, grades, and buildings; and f) a challenging 
experience for students and teachers.  The curriculum was described as involving a) daily 
use of enVisionMATH program materials, b) daily reference to District pacing calendar, 
and c) use of Pennsylvania Core Coach Mathematics book.  The identification of the 
trends for EC and curriculum resulted from the organization of 10 patterns identified 
among participants’ transcripts: a) math instruction includes Writing to Explain which is 
focused on the process; there may be more than one way to solve the problem and more 
than one correct answer; b) math instruction is focused on covering these pages these 
days and being done with topics by specified dates; it’s a fast paced daily calendar; c) 
math instruction doesn’t allow the flexibility to incorporate what’s going on in students’ 
everyday lives, like holidays; it’s hard; d) math instruction focuses on content mastery; e) 
math instruction is a one-size fits all approach, but it doesn’t actually fit all students; f) 
math instruction is not just about memorizing facts or steps, but exploring that there is 
more than one way to solve a problem; g) number sense and computation are 
foundational skills for mathematical thinking, not outcomes; h) it’s difficult to teach at a 
higher level when many students still don’t know their basic Math Facts; i) the Smart 
Notebook/Board acts as a bridge between the heavy content of problems/reading and 
students’ understanding; and j) math needs to develop students’ basic number sense.  An 
example quote from Eve follows in order to show the origin of pattern f,  
After we did a [math] lesson on measurement, we put data into a line plot and 
then analyzed that data, I had them build catapults.  I gave them supplies – craft 
sticks, rubber bands, plastic spoons and they made a marshmallow catapult.  I 
gave them a target – they had to try to get the marshmallow to fly at least 5 feet – 
which wasn’t that difficult for them.  Their task was to be as accurate as possible 
to get to the target. 
 
Cross-curricular integration in math.  The second trend of OTL math is cross-
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curricular integration.  Teachers’ perceptions and corresponding descriptions of cross-
curricular integration in math at the upper elementary level are: a) occurs intermittently in 
the Interactive Math Stories in enVisionMATH, the domain of Measurement and Data, 
creating Science Fair projects, using iPads and the Smart Notebook/Board, and on Career 
Day; and b) is used as an engagement strategy to make content real-world, interesting, 
visual, hands-on.  The identification of the trends for cross-curricular integration in math 
resulted from the organization of four patterns identified among participants’ transcripts: 
a) math and science naturally come together in the topic of measurement, b) math, 
science, and/or technology naturally come together in preparing Science Fair projects, c) 
math can easily be connected to everyday life and careers, and d) the Interactive Math 
Stories aim to bring math into a real-world context.  An example of a quote from Mae 
follows in order to show the origin of pattern b.  In describing the extent to which her 
teaching of science integrates math Mae indicated,  
There is some mathematics in the science inquiry, particularly when we do the 
science fair – graphing, measuring… Could there be more?  Oh yeah, there could 
certainly be a nice integration on a regular basis.  But that is the sort of thing your 
program sets you up to facilitate. 
 
Instructional time for math.  The third trend of OTL math is instructional time.  
Teachers’ perceptions and corresponding descriptions of instructional time for math at 
the upper elementary level are that it is a) consistent due to pacing calendars, and b) 
supplemented with time for Math Facts or PSSA prep.  The identification of the trends 
for instructional time for math resulted from the organization of three patterns identified 
among participants’ transcripts: a) math is an hour but more time is often needed to 
complete the lessons or cover the content; b) more time is often allotted to math 
instruction through PSSA prep; and c) recently, math seems to be more consistent across 
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teachers, grade levels, and buildings compared to several years ago.  Examples of quotes 
from the teacher-participants follow in order to show the origin of some of the 
aforementioned patterns.  Kai indicated, “I have a Smart Notebook.   I have one for every 
lesson…. It helps me get through the hour, so I can just keep pressing through,” showing 
support for pattern a.  Cyd indicated, “We are told how long to spend on math.  There are 
days where we have to continue the lesson, you know robbing Peter to pay Paul, so 
sometimes it goes into social studies.  If we’re not finished with it, sometimes it takes 
longer, sometimes you have to,” showing support for pattern a.  Seth indicated, “I’ve seen 
more consistency in terms of what students come to fifth grade knowing,” showing 
support for pattern c.  
Perception of the OTL science.  In order to gain insight into teacher-
participants’ perspectives of opportunity to learn science, participants were asked 
questions about instructional time (IT) and eligible content (EC) such as describing a 
typical science lesson.  Participants were also asked to indicate the extent to which their 
teaching of science integrated math as well as the Career, Education, and Work (CEW) 
Standards.  Three trends were identified among the participants and categorized as 
descriptive of a) EC and curriculum, b) cross-curricular integration, and c) IT.  These 
three trends will be presented below as patterns among participants, supported with 
participants’ quotes, words and phrases.  Tables 4.16 and 4.17 show the patterns and 
trends, respectively, presented below. 
Coverage of science EC and curriculum.  The first trend of OTL science is 
coverage of EC and curriculum.  Teachers’ perceptions and corresponding descriptions of 
the coverage of science EC at the upper elementary level involve the following: a) in-
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breadth exposure to random topics/vocabulary; b) over-emphasis on the BS domain, 
referred to by teachers as life science; c) common-sense content easily connected to the 
real, everyday world; d) teacher-centered explanations; e) inconsistency among teachers, 
grades, and buildings; and f) a relaxed experience for students and teachers.  The 
curriculum was described as involving a) inconsistent use of Harcourt Science program 
materials, b) monthly reference to District science curriculum, and c) use of Science 
PSSA Coach book.  The identification of the trends for EC and curriculum resulted from 
the organization of 12 patterns identified among participants’ transcripts: a) science 
instruction involves incidental discussion connecting what is going on in students lives, 
what they can see, to models of science topics; b) science instruction involves jumping 
from one topic to another; c) science instruction involves notes and information 
gathering; d) science instruction involves providing students with a highly visual preview 
of common sense topics, planned out monthly; e) science instruction involves different 
approaches from building to building, grade to grade, teacher to teacher, and from year to 
year, but is mostly devoted to life science; f) science instruction involves reading and 
explaining and practicing PSSA questions on topics that are all mixed up and common 
sense; more than 50% is life science; g) the science book is hard because the reading 
level is too high for the students; the Coach book is used to prepare students for PSSAs; 
h) science class is structured so that students are not sitting and listening, rather working 
in groups on projects and using the iPads; i) it’s a challenge to engage students in 
experiments when they know what is going to happen; j) it’s a challenge to engage 
students in experiments when social media and technology excite them; k) inquiry-based 
resources, teacher training on using those resources, and sufficient time to implement 
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those resources lay a foundation for a strong science program; and l) the book is too hard 
for students to read on their own.  An example quote from Kai follows in order to show 
the origin of pattern b, “A lot of our science… is vocabulary, just getting them a preview 
of what all these things are.  They don’t go really in-depth…. it’s hurry up and get done.” 
Cross-curricular integration in science.  The second trend of OTL science is 
cross-curricular integration.  Teachers’ perceptions and corresponding descriptions of 
cross-curricular integration in science at the upper elementary level are: a) occurs 
intermittently in Journeys, the math domain of Measurement and Data, creating Science 
Fair projects, using iPads and the Smart Notebook/Board, through incidental discussion, 
and on Career Day; and b) is used as an engagement strategy to make content real-world, 
interesting, visual, hands-on.  The identification of the trends for cross-curricular 
integration in math resulted from the organization of five patterns identified among 
participants’ transcripts: a) science and technology naturally come together in visually 
engaging students; b) science and math naturally come together in the topic of 
measurement, which has real-world applications; c) science and technology naturally 
come together in visually engaging students, d) science and ELA naturally come together 
in preparing Science Fair projects, and e) science and ELA naturally come together in 
reading from Journeys.   
Instructional time for science.  The third trend of OTL science is instructional 
time.  Teachers’ perceptions and corresponding descriptions of instructional time for 
science at the upper elementary level are that it is a) inconsistent due to District 
curriculum organized monthly, b) limited by schedule design; science time is often 
shared with social studies, health, guidance lessons, and/or schedule interferences such as 
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weather delays, and c) negatively impacted during spring PSSA testing.  The 
identification of the trends for instructional time for science resulted from the 
organization of five patterns identified among participants’ transcripts that a) the time 
allotted for science is too short to cover required content; b) the need for Science Fair 
projects to be typed shortens the time that can be spent on other topics, too; c) less fun 
activities are pursued; d) it resembles playtime; and e) monthly topics planned earlier in 
the year are covered better.  An example quote from Clint follows in order to show the 
origin of pattern a, “The amount of time we spend on science in 5th grade is a disservice 
to teaching science.  We don’t spend nearly enough time.  Math, because of the PSSAs, 
gets high priority.” 
Perceptions of students’ attitudes toward math.  Teachers’ perceptions and 
corresponding descriptions of the students’ attitudes toward math at the upper elementary 
level involve three trends.  First, teachers believe students’ confidence in and perceived 
usefulness of higher-level, Common Core math, is related to their ability, which is 
supported by a variety of motivational strategies.  Second, the strategies utilized to 
support students’ confidence in learning higher-level math include: a) indicating that 
struggle is a sign of success so that students getting wrong answers can persist in learning 
from their mistakes, b) reviewing old content before learning new content so that students 
feel like they know what is going on, c) modeling expectations for students’ written 
explanations, d) adapting problems for classwork, homework, and tests so that students 
can experience a sense of accomplishment, e) not assigning “F” grades, f) modeling 
enjoyment of mathematical thinking, and g) exposing students consistently to content so 
that they experience a sense of equity.  Third, the strategies utilized to support students’ 
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perception of the usefulness of learning higher-level math include: a) integrating 
technology and real-world discussion into problem solving and b) making the connection 
between math class and careers on Career Day.  Participants’ patterns leading to these 
three trends are discussed below and summarized in Table 4.19. 
The identification of the first trend for SA towards math resulted from the 
organization of five patterns identified among participants’ transcripts in which teachers 
indicated that they thought students: a) are ready to learn higher-level mathematical 
thinking, b) need to be challenged at the level they are, c) can do higher-level math with 
supports to bridge the gap between what they know and need to know, d) can do higher-
level math with adaptations and ability grouping, and e) can do higher-level math with 
adaptations; their perception can change.  An example quote from Seth follows in order 
to show the origin of several patterns, “This first year of Common Core math there was a 
significant disconnect for our lower-level learners… but you know I personally have seen 
a student’s attitude towards math change through the course of the year based on the 
supports they receive.”  Additional participant sample quotes and patterns are presented 
in Table 4.18.   
The identification of the second trend for SA towards math resulted from the 
organization of seven patterns identified among participants’ transcripts in which teachers 
indicated that they thought students: a) need to understand that struggle is a sign of 
success, b) take adapted tests of higher level math to maintain their self-esteem; however, 
they may not be challenged, the adapted tests may be too easy, c) need to have the 
expectations of the Writing to Explain modeled, d) may like math more than science just 
because they are exposed to it more, e) need daily review so they feel like they know 
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what is going on, f) need to have problems and problem sets in lessons and homework 
adapted into smaller, achievable goals that build up into the larger, overall goal, and g) 
need to be exposed to the same content so their building blocks or opportunity to develop 
their number sense is the same.  An example quote from Mae follows in order to show 
the origin of several patterns:  
I don’t think there is enough emphasis in their mind about the struggle in 
mathematics.  This year, I told them at the beginning of the year, if they weren’t 
struggling in math, then there’s something wrong… A lot of them seemed 
surprised by that, they don’t want to struggle in math they want it to be right 
there.  If it’s right there for them, they feel successful.  If it’s not right there, then I 
am not sure they feel successful.  They don’t understand that the struggle is really 
maybe more of an indication that they are being successful because they can work 
through it. 
 
Additional participant sample quotes and patterns are presented in Table 4.18.   
The identification of the third trend for SA towards math resulted from the 
organization of five patterns identified among participants’ transcripts in which teachers 
indicated that they thought a) students who develop mathematical thinking early have a 
better chance of pursuing advanced math in the future, b) cross-curricular connections 
using technology as a resource helps students to understand the mathematical process 
better, c) speakers during Career Day show the usefulness of math, d) students need to 
understand how what they do now will influence their lives, and e) students need to 
understand that math is necessary for everyday life and careers.  An example quote from 
Eve follows in order to show the origin of several patterns, “Their perception changes, ‘I 
do like math, I can do math,’ even the kids that struggle…. they see everything that 
we’ve done as being useful.  Going back to Career Day, they would look at me and say, 
‘You were right – we are going to use math.’”  Additional participant sample quotes and 
patterns are presented in Table 4.18.   
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Importance of math.  Teachers were not asked directly about their perceptions of 
their own teaching efficacy towards math or science; rather they were asked to share their 
perspectives on the importance of each subject and how they believe their perspective 
influences their students.  Regarding the importance of math, five of the six teachers 
associated importance with their personal interest and ability in math; Cyd did not.  
Samples of participants’ responses follow:  Mae indicates, “I am by vocation a math 
person… I think I set a pretty high bar.  I also think that I see the need to scaffold and 
break down concepts.”  Clint indicates, “Teaching math is probably one of the most 
important things that we can do… it’s a high importance that we spend a lot of time on 
math and make sure kids are doing well with it.  I think I’m pretty decent at it and I enjoy 
it.  I’m good at it.  That’s probably the reason why I like to teach math.”  Kai indicates, 
“Math is my favorite subject.  I love math… Extremely important – if you think of any 
job, you need math for your job.  No matter how wonderful a job, maybe if you’re going 
to be an architect, or if you’re going to be an engineer, or on the flip side of that if you’re 
working in a department store… I think it makes it easier for me to teach.  I can break it 
down easier, like know what’s more important for them.”  Cyd indicates, “It’s very 
important.  They need it.  I know they always say, ‘What do I need this for?  What if I 
don’t need it?’  You always need math for something.  I think that is a big thing they 
don’t understand.  No matter what job you have, you have some sort of math in it.  It’s 
very important they understand the basics, the reasoning behind that.”  Seth indicates, “I 
think it’s very important. I consider myself a very good math student.  I’d say that’s the 
best subject I personally teach…. It’s about having number sense for your own personal 
finances or whether it’s planning a party.  At a base level being able to be functional in 
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society with your math sense.  And for a lot of the kids with many of the careers that they 
will encounter they will need advanced math.”  And finally Eve indicates, “I’ve always 
enjoyed math.  It came easy to me, I enjoyed it.  It comes easier for me to teach and even 
with kids who are struggling with math; I am able to kind of break it down for them if 
they are having a harder time… They can see that I enjoy it.”  Taken together, the 
participants interviewed had an interest and ability in math that they used, underpinned 
by a belief in the importance of math, as motivational strategies to influence students’ 
attitudes toward math.  These strategies along with others were presented in Tables 4.18 
and 4.19. 
Perceptions of students’ attitudes toward science.  Teachers’ perceptions and 
corresponding descriptions of the students’ attitudes toward science at the upper 
elementary level also involve three trends.  First, teachers believe students’ confidence in 
and perceived usefulness of science is related to their interest, which is supported by a 
variety of engagement strategies and/or the structure of the class.  Second, the 
engagement strategies and structure that support students’ confidence in learning science 
include: a) engaging students with interactive models, b) presenting topics that are 
interesting to students, c) instructing in a freer manner, where kids can move around, 
work in groups, and get their hands on models, d) jumping around from topic to topic, 
and e) students can play on a level playing field in science.  Third, the engagement 
strategies and structure that support students’ perception of the usefulness of learning 
science include a) involving connections to their everyday lives, b) using students’ 
curiosity with what is occurring around them through incidental discussions, c) students’ 
need to understand how the science they are learning can impact their lives and the 
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consequences of decisions.  Participants’ patterns leading to these three trends are 
discussed below and summarized in Table 4.21 as well. 
The identification of the first trend for SA towards science resulted from the 
organization of three patterns identified among participants’ transcripts in which teachers 
indicated that they thought students: a) generally like science because it is connected to 
what they can see and relate to in their lives, b) enjoy experiments; sometimes they see it 
as time to play, and c) favorite class is science because it isn’t the same repetitive 
structure everyday compared to math.  An example quote from Mae follows in order to 
show the origin of pattern a, “I think they like science and see themselves successful at 
science and I think it’s because we do connect with a lot of things they see in their 
everyday living.”  Additional participant sample quotes and patterns are presented in 
Table 4.20.   
The identification of the second trend for SA towards science resulted from the 
organization of four patterns identified among participants’ transcripts in which teachers 
indicated that they thought: a) science offers students and teachers more freedom; topics 
are not listed on a daily pacing calendar, b) students can easily access science content and 
achieve in science class without being ability grouped, c) students can play on a level 
playing field in science, d) students need the freedom to move around in science.  An 
example quote from Seth follows in order to show the origin of pattern b, “You can be 
years behind in reading and years behind in math, it’s difficult to be years behind in 
science but for those kids that struggle it’s kind of a level playing field.”  Additional 
participant sample quotes and patterns are presented in Table 4.18.   
The identification of the third trend for SA towards science resulted from the 
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organization of five patterns identified among participants’ transcripts in which teachers 
indicated that they thought: a) students’ curiosity and experiences can be built-upon 
through incidental discussion, b) students need to be able to see science with pictures of 
vocabulary, models, and hand movements, c) students need to see how science is 
involved in understanding long-term consequences, d) students need to understand the 
impact of the science they are learning; how it relates to their lives, and e) science is a 
foundation for many careers, just like math; there are so many different types of science.  
An example quote from Clint follows in order to show the origin of pattern d, “One of the 
hardest things to get across to elementary students is that the things that they’re doing 
now does influence their lives.”  Additional participant sample quotes and patterns are 
presented in Table 4.18.   
Importance of science.  Below are samples of teachers’ responses to the 
importance of science and how they believe their perspective influences their students.  
Mae indicated  “science is more of a lifestyle for myself and my family.  Both of my sons 
are scientists.  From very early on I was really interested in learning how their science 
knowledge developed…  I began to understand that kids really just gravitate towards 
science, they love the hands-on aspect of it doing experiments.”  Clint indicated, “I just 
think the way our society’s going, there’s going to be more jobs in math and science than 
in anything else, they’re going to need that.  So I think it’s almost as important as math, 
but not quite as important…. [I] try to make it fun and real – a sense of humor helps.”  
Kai indicated, “But, I think science is extremely important, and a lot of it, after they learn 
it, in a way, is common sense…  I don’t do anything extra [for science] that I wouldn’t do 
for any other subject.”  Cyd indicated, “I think it’s important – the basic knowledge of 
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science.… It’s those little life lessons that you have to understand that things work for 
certain reasons.  Why do we have the seasons?  Why are days 24 hours?  You know, it’s 
just overall.  I don’t think compared to reading and math, I hate to say it’s not as 
important, but you have to be able to read, you have to be able to do math.  If you don’t 
know all the science, you can still function in the world compared to math and reading…  
Any topic that I teach I try to get them to realize that it’s part of life and they need to 
know it.  It’s still the same, I teach everything the same.”  Seth indicated, “You know I 
have a harder time with science the way that we teach it.  I think it’s more like obscure 
topics…  But I really like science because it levels the playing field for a lot of the 
kiddos.  Like you can be years behind in reading and years behind in math, it’s difficult 
to be years behind in science.”  Finally, Eve did not teach science this year.  So, although 
she shared her perspective on the importance, she did not comment on how her 
perspective influences students’ attitudes toward science.  She indicated,  
We just had Career Day yesterday – looking at how many people came in, 
different parents, and presented what their jobs are – a lot of them talked about 
math, but a lot of them are that science piece.  And just how many different types 
of science are going to be needed for the future.  Regardless of what kids decide 
to go into for their careers I do think that science is a lot of that foundation with 
engineering and problem solving and everything so I do feel it is very important. 
 
Taken together, the participants interviewed had beliefs that science is enjoyable 
and related to everyday life.  They used those beliefs as engagement strategies to 
influence students’ attitudes toward math. 
STEM career awareness. 
Integration of CEW standards.  All teachers were asked how they integrated 
Career, Education, and Work (CEW) standards into their math and science classes.  All 
six participants referenced the school wide event called Career Day in their responses.  
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Mae mentioned Career Café, the interweaving of lunch and career talks.  She indicated 
that she “talk[ed] about careers in science a lot” through incidental discussion.  Clint 
elaborated on his feelings toward Career Day, indicating “it’s not like we’re having these 
interesting scientists come in to show cool things to motivate the kids.”  He also shared 
that “One of the hardest things to get across to elementary students is that the things that 
they’re doing now do influence their lives.”  Cyd mentioned Guidance lessons that take 
place monthly during science class, in which the guidance counselor comes to the 
classroom to discuss careers.  She also mentioned her specific feelings about Career Day, 
“the teachers try to get anybody to come in.  The students sit and listen to different 
speakers.  Most of the time the speakers come to our room and talk about their career...  
Some presenters only want certain grade levels, some only come to one class, some will 
go to different grades.  It depends on the speaker and what they want.  Most of the time 
we have an idea of who is coming.  Mostly it’s the same – news reporters, firefighters, 
police officers.”    
Perception of students’ career interests.  During the interviews, teacher were 
given a list of 12 STEM-related careers as follows: physics, environmental work, 
biology, veterinary work, mathematics, medicine, earth science, computer science, 
medical science, chemistry, energy/electricity, and/or engineering and asked, “Based on 
your observations, which 3 STEM-related careers do you think interest your students?”  
Each of the six teachers interviewed indicated that they percieved veterinary work to be 
students’ top career interet.  Four teachers each perceived computer science and 
mathematics to be students’ other top career interests.  While selecting computer science, 
however, Kai questioned the choice rhetorically asking, “They love computers, but do 
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they know the background of computer science?”  Overall the teachers interviewed did 
not express that intentional integration or purposeful discussion of careers in general  
took place during their lessons, let alone of careers specific to the STEM fields. 
The career interests of students, along with the questions of note from the S-
STEM-EL in the the Eng. & Tech. category regarding creativity, designing products, and 
the usefulness of math–science togetherness, revealed further interest in not only 
engineering at the upper elementary level, but also integrative STEM education, which 
includes creative opportunities and design thinking.  
Teachers’ reflections on participating in the ETP interviews.  At the 
conclusion of the ETP interviews, teacher-participants were asked a self-reflective, 
closing question, “Anything you would like to share regarding the surveys, the interview, 
or the nature of STEM?”  Participants’ quotes are presented in Table 4.22.  Three of the 
teachers’ reflections represent an acknowledgement of the value of STEM integration, 
while the other three represent a general frustration with the status quo.  In the former 
instance, Mae indicates, “I think associating all of those in the STEM family is a good 
idea, because they have to be incorporated.  The isolation is not going to serve them well 
in their lives.”  Seth indicates, “I like STEM,” and Eve shares “It was nice to see kids 
think about how these different [STEM] areas intertwine.”  In the latter instance, Clint 
indicates, “Something has to change.  We can’t just keep doing what we’re doing.”  Kai 
indicates: 
I don’t even have time to really wonder about that.  It’s hard to fit in whatever we 
do now… being locked in your classroom all day, being a classroom teacher, that 
is important, but when am I supposed to sit down and go through and think of 
that? 
 
And, Cyd shares, “I don’t know that I completely understand what all of it is right now, 
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but it must be a step in the right direction.” 
Data Set: Curriculum Resource Materials  
For the final phase of the research, three curriculum resources in math and science 
were analyzed and are presented below as follows: District curriculum, Pennsylvania 
Academic Standards and Eligible Content, and Teachers’ Editions of program textbooks.  
The data set presented here is used to contribute further to answering the following 
research sub-questions presented above: a) What is the extent of opportunity to learn 
math? and b) What is the extent of opportunity to learn science?  
District curriculum.  
Math.  The District’s elementary math curriculum is organized around five 
Common Core domains of a) numbers and operations in base ten (BASE 10), b) numbers 
and operations – fractions (FRAC.), c) operations and algebraic thinking (ALG.), d) 
geometry (GEO.), and e) measurement and data (MEAS.).  Within each domain, the 
curriculum is arranged using big ideas, essential questions, concepts, competencies, and 
vocabulary for each grade K-5.  Both Pennsylvania’s Mathematics standards and eligible 
content are referenced.  The fourth grade math curriculum includes 24 big ideas, 43 
essential questions, 36 concepts, 9 competencies, and 18 vocabulary words.  The fifth 
grade math curriculum is comparable with fewer big ideas and content, but more 
competencies.  It includes 21 big ideas, 38 essential questions, 26 concepts, 15 
competencies, and 19 vocabulary words.  Of the 40 statements of EC listed in PDE’s 
Grade 4 Mathematics Assessment Anchors and Eligible Content (2014), the District’s 
math curriculum for grade 4 references 32 of those statements, or 80%.  Of the 25 
statements of EC listed in PDE’s Grade 5 Mathematics Assessment Anchors and Eligible 
	  	  
108 
Content (2014), the District’s math curriculum for grade 5 references 24 of those 
statements, or 96%.  The District’s upper elementary math curriculum appears well 
aligned to PDEs eligible content.  Table 4.23 shows the comparison of 4th and 5th grade 
math.  Additionally, the District’s elementary math curriculum also includes the use of 
Pacing Calendars, which specifically show which days of the week, month, and year are 
to be spent on each of the 16 topics listed in the enVisionMATH textbook. 
Science. The District elementary science curriculum is organized by grade level 
resulting in six separate documents for grades K-5.  The documents are organized by 
month, with 4th grade starting with August and 5th grade starting with September.  Within 
each month, the curriculum is arranged using unit essential questions (UEQs) similar to 
the big ideas of math, content, skills, assessments, lesson essential questions (LEQs) and 
vocabulary.  Some of Pennsylvania’s Science and Technology (ST), Environment and 
Ecology (EE), and Career, Education and Work (CEW) standards and eligible content are 
referenced.  The fourth grade math curriculum includes 13 UEQs, 32 LEQs, 39 content 
topics, 35 skills, and 111 vocabulary words.  The fifth grade math curriculum is 
comparable with fewer skills listed.  It includes 11 UEQs, 33 LEQs, 37 content topics, 22 
skills, and 112 vocabulary words.  Of the 64 statements of EC listed in PDE’s Science 
Grade 4 Assessment Anchors and Eligible Content (2007), the District science curriculum 
for grade 4 references 5 of those statements, or 8%.   Of the 41 statements of EC listed in 
PDE’s Science Grade 5 Assessment Anchors and Eligible Content (2007), the District 
science curriculum for grade 5 references none of those statements.  The upper 
elementary science curricula reference actual standard statements instead of EC; with 
fourth grade referencing (102) more than twice as many standard statements as fifth 
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grade (46).  Among the standards referenced; however, nearly half the standards are 
CEW standards instead of ST and EE standards.  For both 4th and 5th grades, several of 
the standards referenced are repeated; and, for 5th grade the standards noted are often 
referenced more than once.  Also of note is the fact that the 5th grade science curriculum 
references 4th grade standards; there simply are not 5th grade science standards to be 
referenced.  The District’s upper elementary science curriculum does not appear well 
aligned to PDE’s eligible content.  A final note regarding the District’s science 
curriculum is that the monthly themes structuring the documents are not the same.  For 
fourth grade there are 11 and they are as follows: scientific method, life cycles, animal 
growth and adaptations, looking at the ecosystem, energy transfer and ecosystems, body 
systems at work, making and using electricity, forces and motion, simple machines, 
sound, and phases of the moon.  For fifth grade there are also 11 and they are as follows: 
classifying living things, scientific process, energy and ecosystems, ecosystems and 
change, biomes, water cycle, weather and climate, properties of matter, forms of energy, 
motion, and HIV-AIDS.  Table 4.23, mentioned above for math, also shows the 
comparison of 4th and 5th grade science.   
PA academic standards and EC.  In Pennsylvania, statements of eligible content 
(EC) are the most specific grade-by-grade, subject-by-subject descriptions of the skills 
and concepts assessed annually on the mandated Pennsylvania State System of 
Assessments (PSSAs).  Statements of EC are considered assessment limits and they are 
written to assist teachers “identify the range of content covered on the PSSAs” (PDE, 
2014, p. 2).  Statements of EC are organized under broad subject areas called reporting 
categories (RC) or domains.  The reporting categories are consistent among grade levels 
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for a particular subject and are used to report reliable student PSSA scores.  Statements of 
EC vary among grade levels and subjects.  Statements of EC and reporting categories are 
not the state academic standards; standards are overarching statements of what a 
proficient student should know and be able to do at each grade level.  Essentially, 
standards are the State Board of Education-approved legal documents that teachers and 
schools are mandated to reference in their curriculum per the regulations of Chapter 4 of 
the Pennsylvania School Code.  However, as mentioned above, it is the statements of EC 
that are designed to assist teachers (Table 4.24).  Currently in Pennsylvania, math 
standards contain content adapted from the Common Core State Standards and consist of 
a single document with a simple name: Academic Standards for Mathematics, with 
separate documents containing assessment anchors and EC published for each grade 
level.  Science standards, on the other hand, contain content distributed between two 
documents: Academic Standards for Science and Technology and Academic Standards 
for Environment and Ecology.  Additionally, new upper elementary science and 
technology standards were drafted in 2009 and were named Academic Standards for 
Science, Technology and Engineering Education.  Although these standards are not 
approved by the State Board of Education and thus are not implemented, their name is 
sometimes used in place of Science and Technology, creating some confusion.  
Math.  The standard statements listed for upper elementary math in the Academic 
Standards for Mathematics include 15 for fourth grade and 12 for fifth grade and were 
published in 2014.  These statements are clustered under five reporting categories or 
domains: a) numbers and operations in base ten, b) numbers and operations – fractions, c) 
operations and algebraic thinking, d) geometry, and e) measurement and data.  These 
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domains are based on those of the National Council of Teachers of Mathematics (NCTM) 
and the National Assessment of Educational Progress (NAEP).  The domains for both 
grade levels are broken down into 12 assessment anchors, which are then broken down 
into 40 statements of EC at the fourth grade level and 25 statements of EC at the fifth 
grade level.  The aforementioned data is presented in Table 4.24. 
Science. The standard statements listed for upper elementary science include 32 
in the Academic Standards for Science and Technology (ST) and 30 in the Academic 
Standards for Environment and Ecology (EE), both published in 2002.  There are 
additional descriptor statements under the standards, increasing the overall number of 
statements in each document by 117 and 95, respectively.  There are no standards listed 
for fifth grade.  The standards and descriptor statements are clustered under eight 
categories for ST and 9 categories for EE.  The 17 categories in total for the science 
standards were merged into four reporting categories: a) the nature of science, b) 
biological sciences, c) physical sciences, and d) earth and space sciences.  These 
reporting categories are based on those of the Trends in International Mathematics and 
Science Study (TIMSS) and the National Assessment of Educational Progress (NAEP).  
The reporting categories for both grade levels are broken down into 12 assessment 
anchors, the same as math, which are then broken down into 64 statements of EC at the 
fourth grade level and 41 statements of EC at the fifth grade level.  The aforementioned 
data is presented in Table 4.24. 
Teacher’s editions of program textbooks.   
enVisionMATH.  The elementary math program, enVisionMATH, was 
implemented into K– 5 classrooms as the resource to help teachers deliver the District 
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curriculum for the first time during the 2014 – 2015 school year, coinciding with this 
research study.  The program is organized around five domains and 16 topics for both 
fourth and fifth grades, instead of the traditional units and chapters.  The domains 
include: operations and algebraic thinking, numbers and operations in base ten, numbers 
and operations – fractions, measurement and data, and geometry.  The program includes a 
topic-based pacing guide for the entire year.  Fourth grade has 30 big ideas and 106 
lessons, while fifth grade has 27 big ideas and 107 lessons.  The lessons are organized 
into four sections: a) Daily Common Core Review, b) Develop the Concept: Interactive, 
c) Develop the Concept: Visual, and d) Close and Differentiate.  Every lesson is 
referenced explicitly to a standard, although it is a national Common Core standard, not a 
Pennsylvania Core standard.  The topics include reference to a Math Project and an 
Interactive Math Story, which have a cross-curricular emphasis.  Finally, the program 
integrates differentiation through leveled homework: a) reteaching (intervention), 
practice (on-level), and enrichment (advanced).  The aforementioned data is presented in 
Table 4.25. 
Harcourt Science.  The elementary science program, Harcourt Science, was 
implemented into the classroom as the resource to help teachers deliver the District 
curriculum several years ago, perhaps during the 2008 – 2009 school year.   The program 
is organized around six units under three areas and 17 chapters/big ideas for fourth grade 
and 19 chapters/big ideas for fifth grades with 55 and 54 lessons, respectively.  The three 
areas are life science, earth science, and physical science.  The program includes a 
lesson-based pacing guide for the entire year.  The lessons are organized into three 
sections: a) Introduce, b) Teach, and c) Assess and Extend.  The lessons are not explicitly 
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referenced to standards; however, the National Science Education Standards are shown 
as Correlations to the content in the Appendix.  The units include reference to Links, 
Make Connections, Science Fair Project Ideas, and Excursions, which have a cross-
curricular emphasis.  Finally, the program integrates differentiation through leveled 
homework: a) ELL/ESL Support, b) intervention (below level), c) enrichment (on-level), 
and d) challenge (above level).  The aforementioned data is presented in Table 4.25. 
Discussion 
In order to answer the research questions of this study and make 
recommendations to the District in Chapter 5, the five data sets were merged so that the 
opportunities to learn math and science, students’ attitudes toward STEM, and teachers’ 
attitudes toward STEM could be comprehensively depicted.  This section will show that 
the condition of the science instructional milieu is concerning and needs to be improved 
and that students’ and teachers’ attitudes reflect a need for STEM integration.  A note on 
twenty-first century learning attitudes concludes this section and the Chapter; it was an 
area presented as a strength among students and teachers and it will be considered in the 
recommendations in Chapter 5. 
The Need to Improve Science 
Description of OTL math.  Merging both the T-STEM-EL and ETP data 
revealed an overall description for the extent of coverage of math EC as intensive and 
consistent when compared to science.  From the T-STEM-EL, fourth grade teachers 
reported covering 94.6% of math content; the fifth grade teachers reported covering 
98.3%.  From the ETP, teachers’ perceptions of the coverage of math EC was described 
as involving in-depth discussions; higher-level problem solving; critical thinking; 
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student-centered explanations; consistency among teachers, grades, and buildings; and a 
challenging experience for students and teachers.  Of the five math domains, 
Measurement and Data was the weakest and could use extra attention. 
Merging the T-STEM-EL and ETP data revealed an overall description for the 
amount of math IT as sufficient.  From the T-STEM-EL, every one of the teachers 
reported spending more than 45 minutes per day on math with most of them reporting 
spending an hour or more per day.  From the ETP, teachers’ perceptions of the amount of 
IT for math was described as being consistent due to pacing calendars and supplemented 
with time for Math Facts or PSSA prep.   
Merging curriculum resources materials data and ETP data revealed an overall 
description for the District math curriculum as aligned.  From the analysis of the District 
math curriculum, 80% of PDE’s math EC for fourth grade was referenced, while 96% 
was referenced for fifth grade.  The District math curriculum was organized around five 
domains: Numbers and Operations in Base Ten, Numbers and Operations – Fractions, 
Operations and Algebraic Thinking, Measurement and Data, and Geometry.  These five 
domains are the same around which the PDE’s Mathematics Standards and the 
enVisionMath textbook are structured.  From ETP data, curriculum materials were 
described as involving daily use of enVisionMATH program materials and District pacing 
calendar, and use of Pennsylvania Core Coach Mathematics book. The consistency of 
language among the curriculum resource materials revealed an overall description for 
math CRs as focused.  Also considering that PA’s math standards were published in 2014 
and the enVisionMath textbooks were published in 2014, another overall way to 
described the math CRs emerged as up to date. 
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The aforementioned description of the opportunity to learn math, based both on 
teachers’ perceptions and state expectations, suggests that what the District has been 
doing with math is acceptable.  This is important to note considering that the 
circumstances for math changed dramatically from previous years.  This year represented 
the implementation of new standards, curriculum, pacing guides, and textbook program.  
To assist teachers with these changes, the District provided professional development.  
Despite some teachers, during their interviews, expressing a sentiment that changes in 
teaching math this year were hard and more time could be used for teaching content, both 
Kai and Cyd offer support for the notion that the circumstances for the math instructional 
milieu are not only acceptable, but also likely to get better.  For example, Kai said, “It’s a 
lot of work on the teacher’s part to reach the kids, you have to do a lot of work to get 
them to understand what’s going on.  There is this bridge we are trying to make.  Next 
year it will get better.  This year was hard.”  Cyd said,  
I didn’t like the big change, we’re kind of stuck in our ways of doing things.  But 
now that we’ve taught it for a year, it’s under the belt.  I should be fine from now 
on.  I’m flexible.  You have to be.  You just go with the flow.  It was tough to 
keep on the pacing calendar.  Because you are always going to have those kids 
that struggle more and need more time.  And then other topics you can go through 
faster. 
 
Overall, the depiction of the opportunity to learn math presents little concern; there 
appear to be no urgent needs to be addressed. 
Description of OTL science.  Merging both the T-STEM-EL and ETP data 
revealed on overall description for the extent of coverage of science EC as as extensive 
and inconsistent when compared to math.  From the T-STEM-EL, fourth grade teachers 
reported covering 74.6% of science content; the fifth grade teachers reported covering 
66.7%.  From the ETP, teachers’ perceptions of the coverage of science EC was 
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described as involving in-breadth exposure to random topics/vocabulary; over-emphasis 
on the biological sciences domain; common-sense content easily connected to the real, 
everyday world; teacher-centered explanations; inconsistency among teachers, grades, 
and buildings; and a relaxed experience for students and teachers.  Of the four science 
domains, earth and space science was the least covered.   
Merging the T-STEM-EL and ETP data revealed an overall description for the 
amount of science IT as insufficient.  From the T-STEM-EL, most of the teachers 
reported spending 30 minutes or less per day on science and none of them reported 
spending more than 45 minutes per day.  From the ETP, teachers’ perceptions of the 
amount of IT for science was described as being inconsistent due to District curriculum 
organized monthly, limited by schedule design; science time is often shared with social 
studies, health, guidance lessons, and/or schedule interferences such as weather delays; 
and, negatively impacted during spring PSSA testing. 
Merging curriculum resources materials data and ETP data revealed an overall 
description for the District science curriculum as unaligned.  From the analysis of 
District science curriculum, 8% of PDE’s science EC for fourth grade was referenced, 
while 0% was referenced for fifth grade.  The District science curriculum was organized 
around 10 – 11 monthly themes, which are not the same four domains – the nature of 
science, biological sciences, physical sciences, and earth and space sciences – around 
which the PDE’s Science and Technology and Environment and Ecology Standards are 
structured.  Nor are the monthly themes consistent with the three areas – life science, 
earth science, and physical science – around which the Harcourt Science textbook is 
structured.  From ETP data, curriculum materials were described as involving 
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inconsistent use of Harcourt Science program materials, monthly reference to District 
science curriculum, and use of Science PSSA Coach book.  The misalignment among 
curriculum resource materials within the District offers insight as to why teachers feel 
science resembles a sharing of random facts with their students.  Since there is no 
uniformity in language, different teachers may refer to one topic differently, creating the 
perception not only of randomness, but also that there is more science content than there 
actually is.  The inconsistency of language among the curriculum resource materials 
revealed an overall description for science CRs as unfocused.  Also considering that 
PA’s science standards were published in 2002 and the Harcourt Science textbooks were 
published in 2006, another overall way to described the science CRs emerged as out of 
date. 
The aforementioned depiction of the opportunity to learn science, based both on 
teachers’ perceptions and state expectations, suggests that what the District has been 
doing with science is less than acceptable, especially when compared to math. 
Circumstances for science may change next year as a new elementary schedule 
will be implemented.  However, considering that circumstances for science have not 
changed in recent years and no science-focused professional development is slated, it is 
hard to say how the schedule change will impact science, but hopefully it will not 
worsen, since it isn’t necessarily acceptable to begin with.  Despite some teachers, during 
their interviews, expressing a sentiment that science was enjoyable and related to 
everyday life, both Seth and Mae offer support for the notion that circumstances for 
science instructional milieu need improvement.  For example, Seth said,  
You know I have a harder time with science the way that we teach it.  I think it’s 
more like obscure topics at times and not as much inquiry-based as a whole, 
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letting them guide the discussion.  Because I don’t know that they need to know 
every blessed biome.  What’s the bigger idea at stake?  I don’t know if our 
curriculum has gotten there yet, so we’re teaching these somewhat, in certain 
units important skills, whether it’s the water cycle or whatever, but what’s the 
impact?  What’s the rationale?  We don’t do a lot of like – how does this impact 
their lives?   
 
And Mae said,  
We need to have more allocation of time for science.  We may need to revamp 
our materials.  Maybe not our series – our series is okay.  But I think we need to 
get some more resources for inquiry and for allowing that investigation – allowing 
more time for the investigation…  There are [Foss] kits with only some supplies, 
not all.  If you’re going to use Foss, you have to have professional development, 
some training.  I would be very interested in going in that direction but I know 
that’s when it’s come up on the Science Committee, there were reasons why they 
didn’t want to go that route because they felt that teachers would need a lot of 
professional development.  At some point you just move in that direction.  If 
that’s what we need, then that’s what we need. 
 
Overall, the depiction of the opportunity to learn science presents a concern that should 
be addressed. 
The Need for STEM Integration 
Students’ interests in STEM careers.  There were two key findings regarding 
students’ attitudes toward STEM that, when merged, show a need for some level of 
STEM integration in the District.  The first finding was the low perceived usefulness of 
science among students, which includes usefulness of science in careers.  The second 
finding was the high interest in pursuing careers that include opportunities to design and 
create, along with explicit interest in engineering, particularly among girls.  Together 
these two findings revealed a need to connect the usefulness of the science that students 
are learning at the upper elementary level to their future career interests in engineering 
and design.   
Merging student data from S-STEM-EL and teacher data from ETP reveals that 
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teachers have a general awareness of their students’ career interests, but not a specific 
one.  Teachers, per ETP, correctly perceived their students’ top career interest, veterinary 
work, as 45% of upper elementary boys and girls indicated a high level of interest with 
another 33% indicating somewhat of an interest in the field.  Because teachers did not 
mention any gender discrepancies during their interviews, it is unlikely that teachers are 
aware that the interest in veterinary work relates to boys more than it does girls; 62% of 
boys were very interested in the field, while only 26% of girls were interested.  
Additionally, based on ETP data, beyond students’ interest in veterinary work, teachers 
did not consistently perceive students’ other careers interests: biology and engineering, 
both with approximately 40% of students indicating high interest.  The interest in 
engineering is especially important for teachers to know, as it is the top career interest 
among girls, with 46% indicating high interest.  This particular finding is important for 
yet another reason.  Engineering is a career that, prior to the definition being read to 
students the day of the S-STEM-EL survey along with the other 11 careers, is generally 
not discussed by teachers.  Both Mae and Eve captured this sentiment at the end of their 
interviews.  Mae said,  
I think the students enjoyed taking the survey.  It was interesting.  They had some 
questions about some things.  Especially engineering because I don’t think that’s 
a term that we’ve ever used, but when we explained it to them and where they see 
it in their everyday life – they made a connection.  I think that it’s important for 
them to understand what engineering is pretty much from day one, because it can 
easily be brought into terms that we use in elementary.  I’ve always thought that 
math and science should overlap and technology, that’s a given now.  I think 
associating all of those in the STEM family is a good idea, because they have to 
be incorporated.  The isolation is not going to serve them well in their lives.  [The 
overlap] makes it more interesting for them. 
 
Eve said, 
It was nice to see kids think about how these different [STEM] areas intertwine.  
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Especially [because] I don’t think kids realize at this young age the whole 
engineering piece, how much they actually do with it, and how it ties to 
technology and the science.  I do think [the S-STEM-EL Survey] made them think 
about down the road. 
 
Merging curriculum resource data with ETP  data revealed that teachers believed 
an awareness of the importance, usefulness, and general knowledge of STEM careers was 
being presented to students, For example, the upper elementary science curriculum 
references standards that are nearly 50% CEW and teachers’ perceptions are that they are 
engaging students with real-world applications of science in their instructional activities.  
However, merging those findings with S-STEM-EL data revealed that students are simply 
not perceiving the importance and usefulness of science to their future careers.  
Teachers’ acknowledgement of STEM.  Merging key findings from the T-
STEM-EL and the ETP showed a need for some level of professional development related 
to science and STEM integration in the case school district.  Teachers acknowledged the 
value of STEM integration, yet three attitudinal categories, according to the T-STEM-EL, 
were low.  In fact teachers would be labeled as “failing” according to the District’s 
grading scale in that they earned less than 60% in the categories of Career (53.8%), 
STEM (57.0%), and Tech. (59.3%).  Having participated in the study, the teacher-
participants responded positively to developing an awareness of the integrative nature of 
STEM; they appreciated the chance they had to reflect on how integrative teaching was 
missing from their own practice.  There was no sense at any time during this study that 
any participant did not see the value of STEM education.  One teacher-participant 
expressed a desire for an even higher level of integration, including the arts, as Seth 
indicated, “I like STEM.  I like STEAM more”  STEAM represents STEM with an “A” 
added for art.  Drew indicated that he “was not 100% sure what STEM education was,” 
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but simply from taking the T-STEM-EL survey, he felt that his awareness improved 
because he was able to “really think about the programs we teach our students, and how 
closely they are aligned and really are interdependent on one another” (Table 4.9).  Cyd 
indicated a similar sentiment:  
I don’t know that I completely understand what all of it is right now, but it must 
be a step in the right direction.  I don’t even know what STEM stands for.  If it’s 
trying to get them all on the right track, make sure everyone understands, it’s 
important. 
 
Eve indicated that the survey “helped [her] realize how science, math, and technology fit 
together effectively.”  Kate indicated that she was “more conscientious of the vast spread 
of topics and the amount of topics that do not get covered.  There were some topics listed 
that are only touched upon vaguely.”  Gene shared that “it helped me look more at what I 
was missing in my own mathematics teaching practices. It also made me realize that I 
don’t know more than a few different areas of STEM careers and that I don’t use enough 
real world examples because of that.”  Mae revealed, “there were some science standards 
… that [she] wasn’t as familiar with.”  Kai noted that she has “heard of STEM education.  
We have integrated technology into our classrooms in all subjects with the use of the 
Smart Board and iPads to support student learning.  Our new math program hit many of 
the curriculum standard areas in the survey.  The science curriculum for 4th grade does 
not cover all of the standards in the survey…. Our science time is usually cut short…. 
Our math portion of the day is a solid block without interruptions or transitions…. It 
would be nice to have more time to spend on science, and a time to support students who 
are having difficulty in either math or science.”  Cyd thought, “we need to reorganize our 
content so that we can teach all the elements of each subject.  They are part of 
curriculum, but do not always get to the topics!!”   
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 Overall, professional development that aims to improve teachers’ STEM career 
awareness and STEM instruction, and student technology use would be most appropriate.  
However, even though teachers’ math and science efficacies were not failing compared to 
the three attitude categories, they were not good; merely average: MTEB (78.5%) and 
STEB (75.6%).  The scores for the outcome expectancy (OE) subcategories are lower: 
MTOE (71.5%), and STOE (72.2%).  Professional development targeting the OE aspect 
of teachers’ math and science teaching efficacy could also be valuable. 
A Note on 21st Century Learning Attitudes 
Although there is not structured daily time for a course called “Career Education,” 
Pennsylvania does have CEW standards that are to be embedded as appropriate into the 
general school curriculum and the elementary schools do have structured school-wide 
activities centered on careers such as Career Day.  Similarly, although there is not 
structured daily time for explicit instruction in twenty-first century skills, there is a 
general sense that skills are to also be embedded as appropriate into the general school 
curriculum.  Both students’ actual twenty-first century learning attitudes from the S-
STEM-EL and teachers’ perception of the importance of offering students opportunities to 
develop those skills were presented as strengths.  Table 4.26 shows the similarity of the 
questions asked of students to those asked of teachers to probe twenty-first century 
learning attitudes.  The presentation of this skill set as a strength should not be 
overlooked. Although Pennsylvania currently does not have “Twenty-first Century 
Learning Attitudes” standards, it does have two sets of draft standards that are closely 
related to those attitudes addressed in both the S-STEM-EL and T-STEM-EL surveys.  The 
Student Interpersonal Skills Standards relate to students and are shown in Table 4.27, 
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while the School Climate Standards relate to teachers and are shown in Table 4.28.  
Summary 
This Chapter presented five data sets in math and science contexts: students’ 
attitudes (SA), teachers’ efficacy (TE), opportunity to learn (OTL), teachers’ perceptions 
of OTL and SA, and curriculum resource materials.  Following the presentation of the 
five data sets individually, they were merged so that the opportunities to learn math and 
science, students’ attitudes toward STEM, and teachers’ attitudes toward STEM could be 
comprehensively depicted.   
This study revealed a stark contrast between the OTL math and the OTL science.  
Math can be described as intensive, consistent, sufficient, aligned, focused, and up to 
date.  Science can be described as extensive, inconsistent, insufficient, unaligned, 
unfocused, and out of date.  The condition of the science instructional milieu is 
concerning and should be improved.  This depiction of the science instructional milieu 
offers aspects of the OTL science that could be enhanced. 
Teachers expressed an awareness of the value of cross-curricular connections 
involving STEM, yet acknowledged the lack of STEM integration.  Yet these teachers 
essentially failed in three STEM integrative attitude categories: STEM career awareness, 
STEM instruction, and student technology use.  Regarding teachers’ efficacy, outcome 
expectancy in both math and science was low, and personal teaching efficacy was lower 
in science than in math.  These specific areas of TE and attitudes could be enhanced. 
This study also revealed a concern about students’ attitudes, particularly girls, in 
that they expressed a high interest in pursuing careers involving creativity such as 
engineering, yet their perceptions of science as useful or important to their future careers 
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was low.  Overall, students did not seem to perceive the relationships among creativity, 
engineering, the concept of design, science, and careers.  The disconnect among students 
between the science they were learning in school and their expressed career interests 
offers an aspect of SA that could be enhanced.   
Altogether, both students’ and teachers’ attitudes reflect a need for STEM 
integration into teaching and, thus, learning.  Twenty-first century learning attitudes were 
presented as a major strength of both teachers and students and were shown to be worth 
maintaining as they relate to Pennsylvania’s soon to be adopted School Climate and 
Student Interpersonal Skills Standards, respectively. The recommendations that follow in 
Chapter 5 aim to encourage enhancing OTL, TE, and ultimately SA through STEM 
integration based on the needs presented in this Chapter.  The pre-existing structures of 
Career Day and the Science Fair will serve as strong foundations upon which the 
recommendations will be built.  
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Table 4.1 
Students’ Average Total and Categorical Scores for S-STEM-EL 
  
S-STEM-EL 
Total 
(Max., %) 
 
 
Math 
 
Science 
 
Eng. & Tech. 
 
21st 
 
All 
(N = 334) 
 
 
125.4 
(160, 78.4%) 
 
31.5 
(40, 78.7%) 
 
30.4 
(40, 75.9%) 
 
27.4 
(36, 76.1%) 
 
36.2 
(44, 82.3%) 
4th grade 
(N = 176) 
77.5% 77.3% 75.0% 74.4% 83.2% 
5th grade 
(N = 158) 
 
79.4% 80.5% 76.8% 78.1% 82.0% 
Female 
(N = 162) 
78.8% 78.5% 77.3% 78.9% 80.2% 
Male 
(N = 172) 
78.1% 78.8% 74.5% 73.6% 84.3% 
 
Notes.  Individual question responses ranged from 1 – 4 on a 4-pt Likert scale.  Max. = maximum score.  
Math = math attitudes.  Science = science attitudes.  Eng. and Tech. = engineering and technology attitudes.  
21st = 21st century learning attitudes.  % = average level of coverage / maximum.  Total may not reflect a 
sum of categorical scores presented as they were rounded for concise presentation. 
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Table 4.2 
Students’ Average Response Value Among Four S-STEM-EL Categories 
  
Math 
 
Science 
 
Eng. & Tech. 
 
21st 
 
All 
(N = 334) 
 
3.2 3.0 3.1 3.3 
4th grade 
(N = 176) 3.1 3.0 3.1 3.3 
5th grade 
(N = 158) 
 
3.2 3.1 3.0 3.3 
Female 
(N = 162) 3.2 3.1 3.1 3.2 
Male 
(N = 172) 
 
3.2 3.0 3.2 3. 4 
 
Notes.  Individual question responses ranged from 1 – 4 on a 4-pt Likert scale.  Math = math attitudes.  
Science = science attitudes.  Eng. and Tech. = engineering and technology attitudes.  21st = 21st century 
learning attitudes.  
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Table 4.3 
Comparison of Students’ Attitudes toward Math and Science Scores by Sub-category 
 Math Attitudes  Science Attitudes  
  
Confidence  
 
Usefulness  
 
Total 
Max. 
% 
 
 
Confidence  
 
Usefulness  
 
Total 
Max. 
% 
 
All 
(N = 334) 
 
 
16.0 
20 
80.0% 
 
15.5 
20 
77.5% 
 
31.5 
40 
78.7% 
 
 
16.4 
20 
82.0% 
 
13.9 
20 
69.5% 
 
30.4 
40, 
75.9% 
4th grade 
(N = 176) 
78.5% 77.0% 77.3% 81.0% 69.5% 75.0% 
 
 
5th grade 
(N = 158) 
 
82.0% 79.0% 80.5% 83.5% 70.0% 76.8% 
Female 
(N = 162) 
81.0% 77.0% 78.5% 84.5% 
 
70.5% 77.3% 
Male 
(N = 172) 
79.5% 78.5% 78.8% 80.0% 69.0% 74.5% 
 
Notes.  Math and Science Attitude Scores were determined from 10 questions with responses ranging from 
1 – 4 on a 4-pt Likert scale, for a maximum score of 40.  Five questions related to the attitudinal sub-
construct of confidence in subject and five related to subject usefulness.  Total may not reflect a sum of 
categorical scores presented as they were rounded for concise presentation. 
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Table 4.4 
Comparison of Students’ Attitudes toward Math and Science: Average Response Values 
 Math Attitudes  Science Attitudes  
  
Confidence  
 
Usefulness  
 
Total 
 
 
Confidence  
 
Usefulness  
 
Total 
 
 
All 
(N = 334) 
 
 
3.2 
 
3.1 
 
3.2 
 
3.3 
 
2.8 
 
3.0 
4th grade 
(N = 176) 
3.1 3.1 3.1 3.2 2.8 3.0 
5th grade 
(N = 158) 
 
3.3 3.2 3.2 3.3 2.8 3.1 
Female 
(N = 162) 
3.2 3.1 3.2 3.4 2.8 3.1 
Male 
(N = 172) 
3.2 3.2 3.2 3.2 2.8 3.0 
 
Notes.  Math and Science Attitude Scores were determined from 10 questions with responses ranging from 
1 – 4 on a 4-pt Likert scale.  Five questions related to the attitudinal sub-construct of confidence in subject 
and five related to subject usefulness.   
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Table 4.5 
Comparison of Students’ Final Grades in Math and Science Compared to Expectations 
 
Notes.  Math scores are for grades 3, 4, and 5, where science scores are only for grade 4.  Data obtained 
from School Performance Profile website. 
  
 Math Science 
  
Final 
Grade 
(%) 
 
Students’ Expectation 
of Performance 
 
Final 
Grade 
(%) 
 
 
Students’ Expectation 
of Performance 
 
All 
 
 
85.4 
 
Very well  60.8% 
OK  33.7% 
Not very well  5.4% 
 
90.0 
 
Very well  63.1% 
OK  33.0% 
Not very well  3.9% 
  
  
 
4th 
grade 
 
84.8 
 
Very well  61.4% 
OK  33.0% 
Not very well  5.7% 
 
89.22 
 
Very well  60.2% 
OK  34.7% 
Not very well  5.1% 
  
  
 
5th 
grade 
 
 
86.1 
 
Very well  60.3% 
OK  34.6% 
Not very well  5.1% 
 
90.9 
 
Very well  66.2% 
OK  31.2% 
Not very well  2.5% 
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Table 4.6 
Teachers’ Average Total and Categorical Scores for T-STEM-EL 
  
T-STEM-EL 
Total 
Max. 
% 
 
 
MTEB 
 
 
STEB 
 
 
Tech. 
 
 
21st 
 
STEM 
 
Lead. 
 
Career 
 
All 
(N = 12) 
 
 
247.6 
332 
74.6% 
 
62.8 
80 
78.5% 
 
60.5 
80 
75.6% 
 
19.0 
32 
59.3% 
 
42.0 
44 
95.5% 
 
31.9 
56 
57.0% 
 
22.8 
24 
95.0% 
 
8.6 
16 
53.8% 
 
4th grade 
(N = 7) 
73.5% 79.1% 75.1% 61.6% 94.5% 57.0% 94.1% 47.3% 
5th grade 
(N = 5) 
 
76.0% 82.3% 76.3% 56.3% 96.8% 56.9% 95.8% 62.5% 
< 10 yrs. 
(N = 7) 
77.6% 79.3% 
 
78.6% 70.5% 96.4% 57.1% 95.2% 53.6% 
≥ 10 yrs. 
(N = 5) 
 
70.3% 77.5% 71.5% 43.8% 94.1% 62.5% 94.2% 53.8% 
Female 
(N = 9) 
75.4% 77.0% 75.3% 63.5% 97.2% 49.3% 95.4% 57.8% 
Male 
(N = 3) 
 
72.0% 83.4% 76.6% 46.9% 90.2% 61.1% 93.1% 56.3% 
 
Notes.  Individual question responses ranged from 1 – 4 on a 4-pt Likert scale.  Max. = maximum score.  
Tech. = student technology use.  21st = 21st century learning attitudes.  STEM = elementary STEM 
instruction.  Lead. = teacher leadership attitudes.  Career = STEM career awareness.  < 10 yrs. = less than 
ten years of teaching experience.  ≥ 10 yrs. = ten years or more of teaching experience.  % = average level 
of coverage / maximum. 
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Table 4.7 
Teachers’ Average Response Values among Seven T-STEM-EL Categories 
  
MTEB 
 
STEB 
 
Tech. 
 
21st 
 
STEM 
 
Lead. 
 
Career 
 
 
All 
(N = 12) 
 
3.2 3.1 2.4 3.8 2.3 3.8 2.3 
4th grade 
(N = 7) 3.0 3.1 2.6 3.7 2.3 3.7 2.0 
5th grade 
(N = 5) 
 
3.3 3.0 2.3 3.9 2.3 3.8 2.5 
< 10 yrs. 
(N = 7) 3.2 3.1 2.8 3.9 2.5 3.8 2.1 
≥ 10 yrs. 
(N = 5) 
 
3.1 2.9 1.7 3.7 1.9 3.7 2.4 
Female 
(N = 9) 3.1 3.0 2.6 3.9 2.5 3.8 2.3 
Male 
(N = 3) 
 
3.3 3.1 1.9 3.6 1.8 3.7 2.3 
 
Notes.  Individual question responses ranged from 1 – 4 on a 4-pt Likert scale.  Tech. = student technology 
use.  21st = 21st century learning attitudes.  STEM = elementary STEM instruction.  Lead. = teacher 
leadership attitudes.  Career = STEM career awareness.  < 10 yrs. = less than ten years of teaching 
experience.  ≥ 10 yrs. = ten years or more of teaching experience.   
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Table 4.8 
 
Comparison of Teachers’ Efficacy toward Math and Science Scores by Sub-category 
 MTEB  STEB  
  
PMTEB  
 
MTOE  
 
Total 
Max. 
% 
 
 
PSTEB  
 
STOE  
 
Total 
Max. 
% 
 
All 
(N = 12) 
 
 
37.1 
44 
84.3% 
 
25.8 
36 
71.5% 
 
62.8 
80 
78.5% 
 
34.5 
44 
78.4% 
 
26.0 
36 
72.2% 
 
60.5 
80 
75.6% 
 
4th grade 
(N = 7) 
80.2% 70.6% 79.1% 75.7% 74.6% 75.1% 
5th grade 
(N = 5) 
 
90.0% 72.8% 82.3% 82.3% 68.9% 76.3% 
< 10 yrs. 
(N = 7) 
83.4% 74.2% 79.3% 
 
83.4% 72.6% 78.6% 
≥ 10 yrs. 
(N = 5) 
 
85.5% 67.8% 77.5% 71.4% 71.7% 71.5% 
Female 
(N = 9) 
82.0% 70.7% 77.0% 77.5% 72.5% 75.3% 
Male 
(N = 3) 
 
90.9% 74.1% 83.4% 81.1% 71.3% 76.6% 
 
Notes.  PMTEB and PSTEB scores were determined from 11 questions with responses ranging from 1 – 4 
on a 4-pt Likert scale, for a maximum score of 44.  MTOE and STOE scores were determined from 9 
questions with responses ranging from 1 – 4 on a 4-pt Likert scale, for a maximum score of 36.   
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Table 4.9 
Teachers’ T-STEM-EL Survey Reflection: STEM Awareness 
   
Awareness Themes 
 
Participant 
Pseudonym 
Quote  STEM as 
a Cross-
curricular 
Integration 
Insufficient 
Curriculum 
or 
Coverage 
 
Clint n/a   
Drew “To be honest, I was not 100% sure what STEM education was. 
It has brought awareness to me by taking time to analyze and 
really think about the programs we teach our students, and how 
closely they are aligned and really are interdependent on one 
another.” 
X  
Gene n/a   
Seth n/a   
Eve “Helped me realize how science, math, technology fit together 
effectively.” X  
Kate “After participating in this survey, I am more conscientious of 
the vast spread of topics and the amount of topics that do not get 
covered.  There were some topics listed that are only touched 
upon vaguely.” 
 X 
Jess n/a   
Gene “I think that it helped me look more at what I was missing in my 
own mathematics teaching practices. It also made me realize 
that I don't know more than a few different areas of STEM 
careers and that I don't use enough real world examples 
because of that.” 
 X 
Mae “There were some science standards … that I wasn’t as familiar 
with.”  X 
Kai “I have heard of STEM education.  We have integrated 
technology into our classrooms in all subjects with the use of the 
Smart Board and iPads to support student learning.  Our new 
math program hit many of the curriculum standard areas in the 
survey.  The science curriculum for 4th grade does not cover all 
of the standards in the survey…. Our science time is usually cut 
short…. Our math portion of the day is a solid block without 
interruptions or transitions…. It would be nice to have more 
time to spend on science, and a time to support students who are 
having difficulty in either math or science.” 
X X 
Cyd “We need to reorganize our content so that we can teach all the 
elements of each subject.  They are part of curriculum, but do 
not always get to the topics!!” 
 X 
Jane n/a   
 
Notes.  Quotes above are in response to the final, open-ended question on the T-STEM-EL Survey, “How 
has participating in this study changed your awareness of STEM education?  Please elaborate.  If 
completing this survey has not changed your awareness indicate n/a.”   Those participants bolded also 
participated in the phase two interviews.  
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Table 4.10  
Teachers’ Average Total and Categorical or Domain Scores for Level of Coverage of 
Math Eligible Content 
 
  
Total 
(Max., %) 
 
 
BASE 10 
 
 
FRAC. 
 
ALG. 
 
GEO. 
 
MEAS. 
 
 
4th grade 
(N = 7) 
 
104.71 
(120, 87.3%) 
 
22.7 
(24, 94.6%) 
 
33.3 
(36, 92.5%) 
 
21.1 
(24, 88.1%) 
 
7.7 
(9, 85.7%) 
 
19.9 
(27, 73.5%) 
 
5th grade 
(N = 5) 
 
 
67.8 
(75, 90.4%) 
 
23.6 
(24, 98.3%) 
 
 
12.2 
(15, 81.3%) 
 
11.0 
(12. 91.7%) 
 
7.8 
(9, 86.7%) 
 
13.2 
(15, 88.0%) 
 
Notes.  Individual question responses ranged from 1 – 3 on a 3-pt Likert scale: not at all, somewhat, and in-
depth.  Max. = maximum score; represents in-depth coverage for every statement of EC.  BASE 10 = 
numbers and operations in base ten; 4th grade has 8 statements of EC, 5th grade also has 8.  FRAC. = 
numbers and operations – fractions; 4th grade has 12 statements of EC, 5th grade has 5.  ALG. = operations 
and algebraic thinking; 4th grade has 8 statements of EC, 5th grade has 4.  GEO. = geometry; 4th grade has 3 
statements of EC, 5th grade has 3.  MEAS. = measurement and data; 4th grade has 9 statements of EC, 5th 
grade has 5.  % = average level of coverage / maximum. 
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Table 4.11  
Teachers’ Average Response Values among Five Math Eligible Content Reporting 
Categories or Domains 
 
  
BASE 10 
 
 
FRAC. 
 
ALG. 
 
GEO. 
 
MEAS. 
 
 
All 
(N = 12) 
 
2.9 2.7 2.7 2.6 2.4 
4th grade 
(N = 7) 2.8 2.8 2.7 2.6 2.2 
5th grade 
(N = 5) 
 
3.0 2.7 2.8 2.6 2.7 
< 10 yrs. 
(N = 7) 3.0 2.8 2.7 2.5 2.4 
≥ 10 yrs. 
(N = 5) 
 
2.8 2.6 2.7 2.6 2.6 
Female 
(N = 9) 2.9 2.8 2.8 2.5 2.4 
Male 
(N = 3) 
 
2.8 2.4 2.5 2.8 2.6 
 
Notes.  Individual question responses ranged from 1 – 3 on a 3-pt Likert scale: not at all, somewhat, and in-
depth.  Max. = maximum score; represents in-depth coverage for every statement of EC.  BASE 10 = 
numbers and operations in base ten; 4th grade has 8 statements of EC, 5th grade also has 8.  FRAC. = 
numbers and operations – fractions; 4th grade has 12 statements of EC, 5th grade has 5.  ALG. = operations 
and algebraic thinking; 4th grade has 8 statements of EC, 5th grade has 4.  GEO. = geometry; 4th grade has 3 
statements of EC, 5th grade has 3.  MEAS. = measurement and data; 4th grade has 9 statements of EC, 5th 
grade has 5.  % = average level of coverage / maximum.  < 10 yrs. = less than ten years of teaching 
experience.  ≥ 10 yrs. = ten years or more of teaching experience.   
	  	  
141 
Table 4.12 
Teachers’ Average Total and Categorical or Domain Scores for Level of Coverage of 
Science Eligible Content 
 
  
Total 
(Max., %) 
 
 
NOS 
 
 
BS 
 
PS 
 
ESS 
 
 
4th grade 
(N = 7) 
 
143.1 
(192, 74.6%) 
 
46.4 
(63, 73.7%) 
 
44.7 
(54, 82.8%) 
 
21.4 
(27, 79.4%) 
 
30.6 
(48, 63.7%) 
 
5th grade 
(N = 5) 
 
 
82.0 
(123, 66.7%) 
 
17.4 
(27, 64.4%) 
 
25.4 
(36, 70.6%) 
 
27.2 
(36, 75.6%) 
 
12.0 
(24, 50.0%) 
 
Notes.  Individual question responses ranged from 1 – 3 on a 3-pt Likert scale: not at all, somewhat, and in-
depth.  Max. = maximum score; represents in-depth coverage for every statement of EC.  NOS = the nature 
of science; 4th grade has 21 statements of EC, 5th grade has 9.  BS = biological sciences; 4th grade has 18 
statements of EC, 5th grade has 12.  PS = physical sciences; 4th grade has 9 statements of EC, 5th grade has 
12.  ESS = earth and space sciences; 4th grade has 16 statements of EC, 5th grade has 8.  % = average level 
of coverage / maximum. 
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Table 4.13 
Teachers’ Average Response Values among Four Science Eligible Content Reporting 
Categories or Domains 
 
  
NOS 
 
BS 
 
PS 
 
ESS 
 
 
All 
(N = 12) 
 
2.1 2.3 2.3 1.7 
4th grade 
(N = 7) 2.2 2.6 2.4 2.0 
5th grade 
(N = 5) 1.9 2.1 2.3 1.5 
< 10 yrs. 
(N = 7) 2.1 2.3 2.4 1.7 
≥ 10 yrs. 
(N = 5) 
 
2.1 2.3 2.4 1.7 
Female 
(N = 9) 2.0 2.3 2.3 1.8 
Male 
(N = 3) 
 
2.1 2.2 2.3 1.7 
 
Notes.  Individual question responses ranged from 1 – 3 on a 3-pt Likert scale: not at all, somewhat, and in-
depth.  Max. = maximum score; represents in-depth coverage for every statement of EC.  NOS = the nature 
of science; 4th grade has 21 statements of EC, 5th grade has 9.  BS = biological sciences; 4th grade has 18 
statements of EC, 5th grade has 12.  PS = physical sciences; 4th grade has 9 statements of EC, 5th grade has 
12.  ESS = earth and space sciences; 4th grade has 16 statements of EC, 5th grade has 8.  % = average level 
of coverage / maximum.  < 10 yrs. = less than ten years of teaching experience.  ≥ 10 yrs. = ten years or 
more of teaching experience.   
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Table 4.14 
The Patterns of Six Teacher-Participants’ Perceptions of the Opportunity to Learn Math 
Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
MAE 
 
“There is some 
mathematics in the 
science inquiry, 
particularly when we do 
the science fair – 
graphing, measuring… 
Could there be more?  Oh 
yeah, there could 
certainly be a nice 
integration on a regular 
basis.  But that is the sort 
of thing your program sets 
you up to facilitate.” 
Inquiry-based 
Discussion 
Problem-solving 
Writing to Explain 
Mathematical 
thinkers 
Number sense 
Computation  
Process  
Larger picture 
Science Fair 
Measurement 
The right answer  
 
1. Math instruction includes 
Writing to Explain which is 
focused on the process; 
there may be more than one 
way to solve the problem 
and more than one correct 
answer. 
2. Number sense and 
computation are 
foundational skills for 
mathematical thinking, not 
outcomes. 
3. Math, science, and/or 
Technology naturally come 
together in preparing 
Science Fair projects. 
 
CLINT 
 
“The Common Core has 
made things a lot more 
difficult…. we’re teaching 
higher concepts, higher-
level thinking. 
Common Core 
PSSAs 
Topics 
Days 
Fast 
Difficult 
Math Facts 
Higher-level thinking 
Measurement 
 
1. Math instruction is focused 
on covering these pages 
these days and being done 
with topics by specified 
dates; it’s a fast paced daily 
calendar. 
2. It’s difficult to teach at a 
higher level when many 
students still don’t know 
their basic Math Facts. 
3. Math and science naturally 
come together in the topic 
of measurement. 
KAI “I have a Smart 
Notebook.   I have one for 
every lesson…. It helps 
me get through the hour, 
so I can just keep pressing 
through.”  
Smart Notebook/ 
Board 
Pressing through 
Interactive Math 
Stories 
Common Core skills 
Career discussions 
Jammed packed 
Hard 
In-depth 
Bridge  
Pacing calendar 
1. Math instruction doesn’t 
allow the flexibility to 
incorporate what’s going on 
in students’ everyday lives, 
like holidays; it’s hard. 
2. The Smart Notebook/ 
Board acts as a bridge 
between the heavy content 
of problems/reading and 
students’ understanding. 
3. The Interactive Math 
Stories aim to bring math 
into a real-world context 
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Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
(Table 4.14, cont.)   
CYD “We are told how long to 
spend on math.  There are 
days where we have to 
continue the lesson, you 
know robbing Peter to pay 
Paul, so sometimes it goes 
into social studies.  If 
we’re not finished with it, 
sometimes it takes longer, 
sometimes you have to.” 
enVisionMATH 
Math Facts practice 
Topics 
More time 
High priority 
Mastery 
Real-life 
Career discussions 
Measurement 
 
1. Math instruction focuses on 
content mastery. 
2. Math is an hour but more 
time is often needed to 
complete the lessons or 
cover the content. 
3. Math can easily be 
connected to everyday life 
and careers. 
 
SETH “I’ve seen more 
consistency in terms what 
students come to fifth 
grade knowing.” 
Consistency 
One size fits all 
Frustrating 
PSSAs 
Common Core 
Highly scripted 
1. Math instruction is a one-
size fits all approach, but it 
doesn’t actually fit all 
students. 
2. Recently, math seems to be 
more consistent across 
teachers, grade levels, and 
buildings compared to 
several years ago. 
3. Math instruction needs to 
develop students’ basic 
number sense. 
EVE “After we did a [math] 
lesson on measurement, 
we put data into a line 
plot and then analyzed 
that data, I had them build 
catapults.  I gave them 
supplies – crafts sticks, 
rubber bands, plastic 
spoons and they made a 
marshmallow catapult.  I 
gave them a target – they 
had to try to get the 
marshmallow to fly at 
least 5 feet – which wasn’t 
that difficult for them.  
Their task was to be as 
accurate as possible to get 
to the target.” 
PSSA prep.  
More time 
Concepts  
Problem solving 
Memorizing 
Measurement 
Data 
Exploring 
PSSA data 
Critical thinking 
Jobs  
Real-world 
The right answer  
 
1. Math instruction is not just 
about memorizing facts or 
steps, but exploring that 
there is more than one way 
to solve a problem. 
2. Math can easily be 
connected to everyday life 
and careers. 
3. Math and science naturally 
come together in the topic 
of measurement. 
4. More time is often allotted 
to math instruction through 
PSSA prep.  
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Table 4.15  
The Trends of Teacher-Participants’ Perceptions of Opportunity to Learn Math 
Patterns Among Participants Trends 
1. Math instruction includes Writing 
to Explain which is focused on the 
process; there may be more than 
one way to solve the problem and 
more than one correct answer. 
2. Math instruction is focused on 
covering these pages these days and 
being done with topics by specified 
dates; it’s a fast paced daily 
calendar. 
3. Math instruction doesn’t allow the 
flexibility to incorporate what’s 
going on in students’ everyday 
lives, like holidays; it’s hard. 
4. Math instruction focuses on content 
mastery. 
5. Math instruction is a one-size fits 
all approach, but it doesn’t actually 
fit all students. 
6. Math instruction is not just about 
memorizing facts or steps, but 
exploring that there is more than 
one way to solve a problem. 
7. Number sense and computation are 
foundational skills for mathematical 
thinking, not outcomes. 
8. It’s difficult to teach at a higher 
level when many students still don’t 
know their basic Math Facts. 
9. The Smart Notebook/ Board acts as 
a bridge between the heavy content 
of problems/reading and students’ 
understanding. 
10. Math instruction needs to develop 
students’ basic number sense. 
 
 
 
 
Coverage of Eligible Content involves … 
 
• in-depth discussions 
• higher-level problem solving 
• critical thinking 
• student-centered explanations 
• consistency among teachers, grades, 
and buildings 
• a challenging experience for students 
and teachers 
 
 
Curriculum involves … 
 
• daily use of enVisionMATH 
• daily reference to District pacing 
calendar  
• use of Pennsylvania Core Coach 
Mathematics book 
	  	  
146 
Patterns Among Participants Trends 
(Table 4.15, cont.)  
1. Math and science naturally come 
together in the topic of 
measurement.  
2. Math, science, and/or technology 
naturally come together in 
preparing Science Fair projects. 
3. Math can easily be connected to 
everyday life and careers. 
4. The Interactive Math Stories aim to 
bring math into a real-world 
context. 
Cross-curricular integration … 
 
• occurs intermittently in the 
Interactive Math Stories in 
enVisionMATH, the domain of 
Measurement and Data, creating 
Science Fair Projects, using iPads 
and the Smart Notebook/Board, and 
on Career Day 
• is used as an engagement strategy to 
make content real world, interesting, 
visual, hands-on. 
1. Math is an hour but more time is 
often needed to complete the 
lessons or cover the content. 
2. More time is often allotted to math 
instruction through PSSA prep. 
3. Recently, math seems to be more 
consistent across teachers, grade 
levels, and buildings compared to 
several years ago. 
Instructional time is… 
 
• consistent due to pacing calendars 
• supplemented with time for Math 
Facts or PSSA prep. 
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Table 4.16  
The Patterns of Six Teacher-Participants’ Perceptions of the Opportunity to Learn 
Science 
 
Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
MAE 
 
“We need to get some 
more resources for 
[science] inquiry and for 
allowing investigation…. 
There are [Foss] kits with 
only some supplies, not 
all.  If you’re going to use 
Foss, you have to have 
professional development, 
some training.… At some 
point you just move in that 
direction.  If that’s what 
we need then that’s what 
we need.” 
 
 
Time frame 
Models 
Resources  
Professional 
development 
Incidental discussion 
What’s going on 
Experiences  
Relaxed delivery 
Technology 
Instagram for NASA 
Engineering 
See  
 
1. Science instruction involves 
incidental discussion 
connecting what is going on 
in students’ lives, what they 
can see, to models of 
science topics. 
2. Inquiry-based resources, 
teacher training on using 
those resources, and 
sufficient time to implement 
those resources laid a 
foundation for a strong 
science program. 
3. Science and technology 
naturally come together in 
visually engaging students. 
4. The time allotted for 
science is too short to cover 
required content. 
CLINT 
 
“The amount of time we 
spend on science in 5th 
grade is a disservice to 
teaching science.  We 
don’t spend nearly 
enough time.  Math, 
because of the PSSAs gets 
high priority.” 
Amount of time 
Experiments 
Time to play 
Measurement 
Information 
gathering 
Internet research 
 
1. Science instruction involves 
notes and information 
gathering. 
2. It’s a challenge to engage 
students in experiments 
when social media and 
technology excite them. 
3. Science and math naturally 
come together in the topic 
of measurement, which has 
real-world applications. 
4. The time allotted for 
science is too short to cover 
required content; it 
resembles playtime. 
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Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
(Table 4.16, cont.)   
KAI “A lot of our science… is 
vocabulary, just getting 
them a preview of what all 
these things are.  They 
don’t go really in-depth…. 
it’s hurry up and get 
done.” 
Common Sense 
Life science 
Vocabulary 
Press-on 
Hard 
Not in-depth 
Smart Notebook/ 
Board 
Short  
See 
Standards 
Reading level 
PSSA Coach book 
 
1. Science instruction involves 
providing students with a 
highly visual preview of 
common sense topics, 
planned out monthly. 
2. The science book is hard 
because the reading level is 
too high for the students; 
the Coach book is used to 
prepare students for PSSAs. 
3. Science and technology 
naturally come together in 
visually engaging students. 
4. The time allotted for 
science is too short to cover 
required content; less fun 
activities are pursued. 
CYD “I don’t do a lot of 
experiments because a lot 
of them are the same thing 
over and over again.  
They already know what’s 
going to happen.” 
Many different 
topics 
Life science 
Interesting  
Read and explain 
Little experiments 
Calendar 
Topics 
PSSA Coach book 
 
1. Science instruction involves 
reading and explaining and 
practicing PSSA questions 
on topics that are all mixed 
up and common sense; 
more than 50% is life 
science. 
2. It’s a challenge to engage 
students in experiments 
when they know what is 
going to happen. 
3. The book is too hard for 
students to ready on their 
own. 
4. The time allotted for 
science is too short to cover 
required content; monthly 
topics planned earlier in the 
year are covered better. 
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Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
(Table 4.16, cont.)   
SETH “I have a harder time 
with science- the way that 
we teach it is not as much 
inquiry-based as a whole, 
letting them guide the 
discussion…. What’s the 
bigger idea at stake? I 
don’t know if our 
curriculum has gotten 
there yet,” 
Completely different 
Obscure topics 
Biomes 
Impact 
Science Fair 
Inquiry  
Random trivia crack- 
applicable facts 
Design 
Graphic organizers 
Limited time 
Projects  
Group work 
Freedom to move 
1. Science instruction involves 
different approaches from 
building to building, grade 
to grade, teacher to teacher, 
and from year to year, but is 
mostly devoted to life 
science. 
2. Science class is structured 
so that students are not 
sitting and listening, rather 
working in groups on 
projects and using the 
iPads. 
3. Science and ELA naturally 
come together in preparing 
Science Fair projects. 
4. The time allotted for 
science is too short to cover 
required content; the need 
for Science Fair projects to 
be typed shortens the time 
that can be spent on other 
topics, too. 
EVE We don’t cover everything 
that’s in the [Harcourt 
Science] book….We cover 
land biomes, but its not in 
that book so we use our 
old series.”   
Jump around 
Biomes 
Connections 
 
 
1. Science instruction involves 
jumping from one topic to 
another. 
2. Science and ELA naturally 
come together in reading 
from Journeys. 
3. The time allotted for 
science is too short to cover 
required content. 
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Table 4.17  
The Trends of Teacher-Participants’ Perceptions of Opportunity to Learn Science 
Patterns Among Participants Trends 
1. Science instruction involves incidental 
discussion connecting what is going on 
in students lives, what they can see, to 
models for science topics. 
2. Science instruction involves jumping 
from one topic to another. 
3. Science instruction involves notes and 
information gathering. 
4. Science instruction involves providing 
students with a highly visual preview 
of common sense topics, planned out 
monthly. 
5. Science instruction involves different 
approaches from building to building, 
grade to grade, teacher to teacher, and 
from year to year, but is mostly 
devoted to Life Science 
6. Science instruction involves reading 
and explaining and practicing PSSA 
questions on topics that are all mixed 
up and common sense; more than 50% 
is Life Science. 
7. The science book is hard because the 
reading level is too high for the 
students; the Coach book is used to 
prepare students for PSSAs. 
8. Science class is structured so that 
students are not sitting and listening, 
rather working in groups on projects 
and using the iPads. 
9. It’s a challenge to engage students in 
experiments when they know what is 
going to happen. 
10. It’s a challenge to engage students in 
experiments when social media and 
technology excite them. 
11. Inquiry-based resources, teacher 
training on using those resources, and 
sufficient time to implement those 
resources laid a foundation for a strong 
science program. 
12. The book is too hard for students to 
ready on their own. 
Coverage of Eligible Content involves … 
 
• in-breadth exposure to random 
topics/ vocabulary 
• over-emphasis on the Biological 
Sciences domain (BS; life sciences) 
• common-sense content easily 
connected to the real, everyday 
world 
• teacher-centered explanations 
inconsistency among teachers, 
grades, and buildings 
• a relaxed experience for students and 
teachers 
 
 
Curriculum involves … 
 
• inconsistent use of Harcourt Science  
• monthly reference to District science 
curriculum 
• use of Science PSSA Coach book 
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Patterns Among Participants Trends 
(Table 4.17, cont.)  
1. Science and Technology naturally 
come together in visually engaging 
students. 
2. Science and math naturally come 
together in the topic of 
measurement, which has real-world 
applications. 
3. Science and Technology naturally 
come together in visually engaging 
students. 
4. Science and ELA naturally come 
together in preparing Science Fair 
projects. 
5. Science and ELA naturally come 
together in reading from Journeys. 
 
 
Cross-curricular integration … 
 
• occurs intermittently in Journeys, the 
domain of Measurement and Data, 
creating Science Fair Projects, using 
iPads and the Smart 
Notebook/Board, through incidental 
discussion, and on Career Day 
• is used as an engagement strategy to 
make content real-world, interesting, 
visual, hands-on 
1. The time allotted for science is too 
short to cover required content. 
2. The need for Science Fair projects 
to be typed shortens the time that 
can be spent on other topics, too. 
3. Less fun activities are pursued. 
4. It resembles playtime. 
5. Monthly topics planned earlier in 
the year are covered better. 
Instructional time is… 
 
• inconsistent due to District 
curriculum organized monthly 
• limited by schedule design; science 
time is often shared with social 
studies, health, guidance lessons, 
and/or schedule interferences such as 
weather delays 
• negatively impacted during spring 
PSSA testing. 
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Table 4.18 
The Patterns of Six Teacher-Participants’ Perceptions of Students’ Attitudes toward 
Math 
 
Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
MAE 
 
“I don’t there is enough 
emphasis in their mind 
about the struggle in 
mathematics.  This year, I 
told them at the beginning 
of the year, if they weren’t 
struggling in math, then 
there’s something 
wrong…. A lot of them 
seemed surprised by that, 
they don't want to struggle 
in math they want it to be 
right there.  If it’s right 
there for them, the feel 
successful.  If it's not right 
there, then I am not sure 
they feel successful.  They 
don't understand that the 
struggle is really maybe 
more of an indication that 
they are being successful 
because they can work 
through it.”   
Ready to know more 
Mathematical 
thinkers 
Higher level  
Mindset 
Struggle  
Working through 
Success 
Advanced 
Learning from wrong 
answers 
Excel in the process 
1. Students are ready to learn 
higher-level mathematical 
thinking. 
2. Students who develop 
mathematical thinking early 
have a better chance of 
pursuing advanced math in 
the future. 
3. Students need to understand 
that struggle is a sign of 
success. 
 
CLINT 
 
“I think it’s good to have 
high expectations of our 
kids, but only the kids who 
can handle it.  To have 
that for all of our kids – 
we’re not doing our 
students any favors by 
doing that.” 
Love it 
Favorite subject 
High expectations 
Influence their lives 
Adapted tests 
Challenge 
Can’t fail 
Self-esteem 
 
1. Students can do higher-
level math with adaptations. 
2. Students take adapted tests 
of higher level math to 
maintain their self-esteem; 
however, they may not be 
challenged, they adapted 
tests may be too easy. 
3. Students need to understand 
how what they do know 
will influence their lives. 
KAI “I try to make them feel as 
confident possible and get 
to them to believe that 
they know what’s going 
on.” 
Try really hard 
Confident 
Believe they know 
what’s going on 
Review 
Bridge 
Model  
 
1. Students can do higher-
level math with adaptations. 
2. Students may like math 
more than science just 
because they exposed to it 
more. 
3. Students need daily review 
so they feel like they know 
what is going on. 
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Participant 
Pseudonym 
Example Quote(s) 
 
Words and Phrases Patterns 
(Table 4.18, cont.)   
CYD You can’t put them down.  
When they are struggling 
as it is they already have 
that perception in their 
head that they can’t do it.  
Just keep encouraging 
them to keep doing it and 
making a big deal when 
they do it, when the light 
bulb goes off.   
Chore 
Necessary  
Struggling 
Confidence 
Encourage 
Make a big deal 
Like it 
Ability group 
Little goals 
Concentrate  
 
1. Students can do higher-
level math with adaptations 
and ability grouping. 
2. Students need to understand 
that math is necessary for 
everyday life and careers. 
3. Students need to have 
problems and problem sets 
in lessons and homework 
adapted into smaller, 
achievable goals that build 
up into the larger, overall 
goal. 
SETH “This first year of 
Common Core math there 
was a significant 
disconnect for our lower-
level learners…. but you 
know I personally have 
seen a student’s attitude 
towards math change 
through the course of the 
year based on the 
supports they receive.” 
Number sense  
Math Facts 
scaffolding 
Building blocks 
Supports  
Bridge 
Exposed  
Writing to Explain 
Push  
Disconnect 
Ability groups 
1. Students can do higher-
level math with supports to 
bridge the gap between 
what they know and need to 
know. 
2. Students need to be exposed 
to the same content so they 
their building blocks or 
opportunity to develop their 
number sense, is the same. 
 
EVE “Their perception 
changes, ‘I do like math, I 
can do math,’ even the 
kids that struggle…. they 
see everything that we’ve 
done as being useful.  
Going back to Career 
Day, they would look at 
me and say, ‘You were 
right – we are going to 
use math.’   
Modeling 
expectations 
Writing to Explain 
Perception  
Useful 
Career day 
Measurement 
Technology 
Process 
 
 
1. Students can do higher-
level math with adaptations 
and ability grouping; their 
perception can change. 
2. Cross-curricular 
connections using 
technology as resource help 
students to understand the 
mathematical process 
better. 
3. Speakers during Career day 
show the usefulness of 
math. 
4. Students need to have the 
expectations of the Writing 
to Explain modeled. 
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Table 4.19  
The Trends of Teacher-Participants’ Perceptions of Students’ Attitudes toward Math 
Patterns Among Participants Trends 
1. Students are ready to learn higher-
level mathematical thinking. 
2. Students need to be challenged at 
the level they are. 
3. Students can do higher-level math 
with supports to bridge the gap 
between what they know and need 
to know. 
4. Students can do higher-level math 
with adaptations and ability 
grouping. 
5. Students can do higher-level math 
with adaptations; their perception 
can change. 
Teachers believe students’ confidence in 
and perceived usefulness of higher-level, 
Common Core math, is related to their 
ability, which is supported by a variety of 
motivational strategies.  
1. Students need to understand that 
struggle is a sign of success. 
2. Students take adapted tests of 
higher level math to maintain their 
self-esteem; however, they may not 
be challenged, they adapted tests 
may be too easy. 
3. Students need to have the 
expectations of the Writing to 
Explain modeled. 
4. Students may like math more than 
science just because they are 
exposed to it more. 
5. Students need daily review so they 
feel like they know what is going 
on. 
6. Students need to have problems and 
problem sets in lessons and 
homework adapted into smaller, 
achievable goals that build up into 
the larger, overall goal. 
7. Students need to be exposed to the 
same content so they their building 
blocks or opportunity to develop 
their number sense is the same. 
The strategies utilized to support students’ 
confidence in learning higher-level math 
include: 
 
• Indicating that struggle is a sign of 
success so that students getting 
wrong answers can persist in 
learning from their mistakes. 
• Reviewing old content before 
learning new content so that students 
feel like they know what is going on. 
• Modeling expectations for students’ 
written explanations. 
• Adapting problems for classwork, 
homework, and tests so that students 
can experience a sense of 
accomplishment 
• Not assigning “F” grades. 
• Modeling enjoyment of 
mathematical thinking. 
• Exposing students consistently to 
content so that they experience a 
sense of equity. 
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Patterns Among Participants Trends 
(Table 4.19, cont.)  
1. Students who develop 
mathematical thinking early have a 
better chance of pursuing advanced 
math in the future. 
2. Cross-curricular connections using 
technology as resource help 
students to understand the 
mathematical process better. 
3. Speakers during Career day show 
the usefulness of math. 
4. Students need to understand how 
what they do know will influence 
their lives. 
5. Students need to understand that 
math is necessary for everyday life 
and careers. 
The strategies utilized to support students’ 
perception of the usefulness of learning 
higher-level math include: 
 
• Integrating technology and real-
world discussion into problem 
solving. 
• Making the connection between 
math class and careers on Career 
Day. 
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Table 4.20  
The Patterns of Six Teacher-Participants’ Perceptions of Students’ Attitudes toward 
Science 
 
 
Participant 
Pseudonym 
 
Example Quote(s) 
 
 
Words and Phrases 
 
Patterns 
MAE 
 
“I think they like science 
and see themselves 
successful at science and I 
think it’s because we do 
connect with a lot of 
things they see in their 
everyday living.” 
Like it 
Play with collections 
Connections to home 
Everyday 
experiences 
Seen in a different 
light 
Freer 
Curiosity 
See Pictures 
1. Students generally like 
science because it is 
connected to what they can 
see in their lives. 
2. Science offers students and 
teachers more freedom; 
topics are not listed on a 
daily pacing calendar. 
3. Students’ curiosity and 
experiences can be built-
upon through incidental 
discussion. 
CLINT 
 
“You try to make it fun 
and real – a sense of 
humor helps.  Here’s an 
example…. we learn how 
to convert metric units, so 
I taught the kids the BS 
method.  The kids are 
looking at me like are you 
kidding me?  The BS 
method is the bigger to 
smaller method.” 
 
“One of the hardest things 
to get across to 
elementary students is 
that the things that they’re 
doing now does influence 
their lives.” 
Time to play 
Enjoy experiments 
Make it fun 
Keep it real 
Sense of humor 
 
1. Students enjoy experiments; 
sometimes they see it as 
time to play. 
2. Science offers students and 
teachers more freedom; 
topics are not listed on a 
daily pacing calendar. 
3. Students need to understand 
the impact of the science 
they are learning; how it 
relates to their lives. 
KAI “They don’t just love 
science all together.  This 
age group in general, 4th 
grade, they are into doing 
everything.  They will at 
least give it a shot.” 
Visual learners 
Give it a shot 
Try it 
Interesting 
Hand movements 
See models 
 
 
 
 
1. Students enjoy experiments. 
2. Students need to be able to 
see science with pictures of 
vocabulary, models, and 
hand movements. 
	  	  
157 
 
Participant 
Pseudonym 
 
Example Quote(s) 
 
 
Words and Phrases 
 
Patterns 
(Table 4.20, cont.)   
CYD “If [students] don’t know 
all the science, [they] can 
still function in the world 
compared to math and 
reading.” 
Easy 
Already know 
Real-life  
Long-term 
consequences 
A part of life 
1. Students can easily access 
science content and achieve 
in science class without 
being ability grouped. 
2. Students need to see how 
science is involved in 
understanding long-term 
consequences. 
SETH “You can be years behind 
in reading and years 
behind in math, it’s 
difficult to years behind in 
science but for those kids 
that struggle it’s kind of a 
level playing field.” 
Freedom 
Level playing field 
Favorite class 
Accessible 
Interested in topics 
Real life based 
Impact  
 
1. Students’ favorite class is 
science because it isn’t the 
same repetitive structure 
everyday compared to 
math. 
2. Students can play on a level 
playing field in science. 
3.  Students need the freedom 
to move around in science. 
4. Students need to understand 
the impact of the science 
they are learning; how it 
relates to their lives. 
EVE “A lot of kids seem to 
enjoy science.  They 
especially like the 
experiments.  ” 
Enjoy experiments 
Related to life 
Foundation 
 
1. Students enjoy experiments. 
2. Students need to understand 
the impact of the science 
they are learning; how it 
relates to their lives. 
3. Science is a foundation for 
many careers, just like 
math; there are so many 
different types of science. 
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Table 4.21  
The Trends of Teacher-Participants’ Perceptions of Students’ Attitudes toward Science 
Patterns Among Participants Trends 
1. Students generally like science 
because it is connected to what they 
can see and relate to in their lives. 
2. Students enjoy experiments; 
sometimes they see it as time to 
play. 
3. Students’ favorite class is science 
because it isn’t the same repetitive 
structure everyday compared to 
math. 
 
Teachers believe students’ confidence in 
and perceived usefulness of science is 
related to their interest, which is supported 
by a variety of engagement strategies 
and/or the structure of the class. 
1. Science offers students and teachers 
more freedom; topics are not listed 
on a daily pacing calendar. 
2. Students can easily access science 
content and achieve in science class 
without being ability grouped. 
3. Students can play on a level playing 
field in science. 
4. Students need the freedom to move 
around in science. 
The engagement strategies and structure 
that support students’ confidence in 
learning science include: 
 
• Engaging students with interactive 
models. 
• Presenting topics that are interesting 
to students. 
• Instructing in a freer manner, where 
kids can move around, work in 
groups, and get their hands on 
models 
• Jumping around from topic to topic. 
• Students can play on a level playing 
field in science. 
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Patterns Among Participants Trends 
(Table 4.21, cont.)  
1. Students’ curiosity and experiences 
can be built-upon through 
incidental discussion. 
2. Students need to be able to see 
science with pictures of vocabulary, 
models, and hand movements. 
3. Students need to see how science is 
involved in understanding long-
term consequences. 
4. Students need to understand the 
impact of the science they are 
learning; how it relates to their 
lives. 
5. Science is a foundation for many 
careers, just like math; there are so 
many different types of science. 
The engagement strategies and structure 
that support students’ perception of the 
usefulness of learning science include: 
 
• Involving connections to their 
everyday lives 
• Using students’ curiosity with what 
is occurring around them through 
incidental discussions. 
• Students’ need to understand how 
the science they are learning can 
impact their lives and the 
consequences of decisions. 
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Table 4.22 
Teachers’ ETP Interview Reflection: Quotes showing an Interest in STEM Integration or 
a Need for Change 
 
Participant 
Pseudonym 
Quote 
Mae “I think the students enjoyed taking the survey.  It was interesting.  They 
had some questions about some things.  Especially engineering because I 
don’t think that’s a term that we’ve ever used, but when we explained it to 
them and where the see it in their everyday life – they made a connection.  
I think that it’s important for them to understand what engineering is 
pretty much from day one, because it can easily be brought into terms that 
we use in elementary.  I’ve always thought that math and science should 
overlap and technology, that’s a given now.  I think associating all of those 
in the STEM family is a good idea, because they have to be incorporated.  
The isolation is not going to serve them well in their lives.  [The overlap] 
makes it more interesting for them.” 
Clint “I don’t know what you’re capable of doing, it would be nice to see 
information from this and have it go somewhere.  You know it it’s your 
study, but I would like, I would love to have a person, a young person, who 
would go and fight Harrisburg and tell them some of the things that you 
learned – if you believe it.  If you don’t believe, don’t do it for me, but if 
you believe some of the things that you learn from doing these interviews.  
Something has to change.  We can’t just keep doing what we’re doing” 
Kai “I don’t even have time to really wonder about that.  It’s hard to fit in 
whatever we do now…  being locked in your classroom all day, being a 
classroom teacher, that is important, but when am I supposed to sit down 
and go through and think of that.” 
Cyd “I don’t know that I completely understand what all of it is what all of it is 
right now, but it must be a step in the right direction.  I don’t even know 
what STEM standards for.  If it’s trying to get them all on the right track, 
make sure everyone understands, it’s important.” 
Seth “I like STEM.  I like STEAM more.” 
Eve “It was nice to see kids think about how these different [STEM] areas 
intertwine.  Especially [because] I don’t think kids realize at this young 
age the whole engineering piece, how much they actually do with it, and 
how it ties to technology and the science.  I do think [the S-STEM-EL 
Survey] made them think about down the road.” 
 
Notes.  Quotes above are in response to the closing question of the ETP interview, “Anything you would 
like to share regarding the surveys, the interview, or the nature of STEM?”  
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Table 4.23 
Comparison of District’s Elementary Math and Science Curriculum11 
 
 
 
4th grade 
Science 
 
4th grade 
Math 
 
 
5th grade 
Science 
 
5th grade 
Math 
 
Organization 
 
By Monthly 
Themes and Grade 
Level 
By Five Domains 
and Grade Level By Grade 
By Monthly 
Themes and Grade 
Level 
Big Ideas/  
Unit Essential 
Questions 
(UEQs) 
 
13 24 11 21 
Lesson 
Essential 
Questions 
(LEQs) 
 
32 43 33 38 
Concepts or 
Content12 39 36 37 26 
Competencies 
or Skills13 35 9 22 15 
Vocabulary 111; 89 unique to 
4th grade 18 
112; 90 unique to 
5th grade14 19 
Eligible 
Content 
Referenced 
(PDE Total) 
5  
(64) 
32 
(40) 
0 
(41) 
24 
(25) 
 
  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Notes. 
11 The elementary math curriculum and daily “Pacing Guides” are separate documents, whereas there is 
one document for science that combines curriculum with monthly pacing for each grade.  The science 
curriculum approved by the District School Board for next year will have the monthly topics categorized an 
either “primary” or “secondary” focus, so that teachers know which topics to emphasize more.  Thus the 
science curriculum in the future will also known as an “Emphasis Guide.” 
12 In the math curriculum, there are “concepts;” in the science curriculum there is “content.” 
13 In the math curriculum, there are “competencies;” in the science curriculum there are “skills.” 
14 22 of the same words are listed for both 4th and 5th grades. 	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Table 4.24 
 
Pennsylvania Academic Standards, PSSA Reporting Categories, Assessment Anchors, 
and Eligible Content for 4th & 5th Grade Science and Math 
 
 Science Standards Math Standards 
Document  
Name 
Academic 
Standards for 
Science and 
Technology 
(ST) 
Academic 
Standards for 
Environment and 
Ecology15 
(EE) 
Academic 
Standards for 
Science and 
Technology and 
Engineering 
Education  
(STEE) 
Academic 
Standards for 
Environment and 
Ecology (EE) 
Core Standards for 
Mathematics 
Legally  
Mandated Yes No
16 Yes 
Publication Date January 5, 2002 June 1, 200917 March 1, 2014 
Grade Levels 4, 7, 10, 12 Elementary: 3-8 3-8, 10, 12 
PreK-8, 
high school 
Standard  
Categories 8 9 4 5 5 
Standard  
Statements 
4th = 32  
5th = n/a 
4th = 30  
5th = n/a 
4th = 67 
5th = 42 
4th = 19 
5th = 1018 
4th = 15 
5th = 12 
Reporting 
Categories 4 4 5 
Assessment Anchors 
(publication year) 
4th & 5th = 12 
(2007, 2010)19 
4th & 5th = 12 
(2007, 2010) 
4th & 5th = 12 
(2014) 
Statements of 
Eligible Content 
4th = 64 
5th = 41 
4th = 64 
5th = 41 
4th = 40 
5th = 25 
Fordham Grade 
(publication year) 
C 
(2005) n/a 
D 
(2012) n/a 
A- 
(2010)20 
  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Note. The shaded previous columns for science and math indicate the documents that are currently mandated per PA School Code for 
the 2014 – 2015 school year.  Fourth and fifth grade student achievement on the science and math PSSAs will be determined using the 
standard statements and their associated assessment anchors and eligible content in the shaded columns. 
15 Collectively the Academic Standards for Science and Technology (ST) and Environment and Ecology (EE) are referred to as the 
STEE documents (PDE, 2012), which is confusing considering half the voluntary standards in science shown in the next column are 
also referred to as STEE. 
16 The following disclaimer regarding State Board Approval appears on these standards indicating that they are not the legally 
mandated standards to be referenced per Chapter 4 of the PA School Code: “These standards are offered as a voluntary resource for 
Pennsylvania’s schools and await action by the State Board of Education.  The course level standards are offered as a voluntary 
resource for Pennsylvania’s schools.” 
17 Current STEE standards are not combined into one document.  There are three separate documents for each of the three grade levels, 
published at three separate times.  Of the three STEE publications, the elementary level (grades 3-8) shown above and secondary level 
(grades 10,12; January 29, 2010) documents, include the aforementioned disclaimer.  Even though the primary level (PreK-3; April 
2012) document does not have this disclaimer, these standards are assumed to not be approved by the State Board of Education 
because they are not included in Chapter 4 of the Pennsylvania School Code. 
18 Both STEE and EE include additional Science as Inquiry Standards; seven for 4th grade and nine for 5th grade. 
19 The 4th grade Science Assessment Anchors document indicates a publication date of 2007, while 5th grade indicates 2010. The 
standards referenced in both of these documents are those published 2009 indicating that 2007 is a typographical error.  The 
information in these documents is identical to the current information obtained from PDE’s SAS website.  The original Science 
Assessment Anchors documents from 2007 refereeing the 2002 standards could not be found online. 
20  In 2010 the Fordham Institute graded state standards against the Common Core Math; Pennsylvania’s math standards before 
adopting the CC Math earned an “F.”  Since PA has adopted the CC Math, it is assumed that their grade is approximately the same as 
the grade earned by the CC Math.	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Table 4.25 
 
Comparison of District’s Elementary Math and Science Programs 
 
 
 Pennsylvania HSP Science  
Grade 4 or 5, Teacher’s Edition 
enVisionMATH: Common Core  
Grade 4 or 5, Teacher’s Edition 
Textbook 
Organization 
1. Six Units (A-F) under Three Areas 
2. 17 Chapters/Big Ideas (4th) 
    19 Chapters/ Big Ideas (5th) 
3. 55 Lessons/LEQs (4th)   
    54 Lessons/LEQs (5th) 
 
1. Five Domains 
2. 16 Topics and 30 Big Ideas (4th)  
    27 Big Ideas (5th)  
3. 106 Lessons (4th) 
    107 Lessons (5th) 
Lesson 
Organization 
1. Introduce: 
- Prior Knowledge 
- Fast Fact 
- Vocabulary Preview 
2. Teach: 
- Investigate/ Guided Inquiry 
Investigate 
- Read and Learn: 
Develop Science Vocabulary, Key 
Science Concepts, Inquiry Skills, Critical 
Thinking, Interpret Visual, and Focus 
Skills (Compare & Contrast and Main 
Idea & Details) 
3. Assess and Extend 
- Lesson Review Questions 
- Make Connections 
 
1. Daily Common Core Review: 
- Exercises 
2. Develop the Concept: Interactive: 
- Problem-Based Learning: 
Engage, Pose the Problem (Mathematical 
Practices), and Model 
3. Develop the Concept: Visual: 
- Guided Practice 
- Independent Practice 
- Problem Solving 
4. Close and Differentiate: 
Writing to Explain 
- Differentiated Instruction 
- Leveled Homework 
Cross-curricular 
Integration 
- Links or Make Connections integrate: 
Reading, Writing, Literature, Music, Art, 
Social Studies, Health & Physical 
Education, and Math 
- Science Fair Project Ideas 
- Unit Excursions contain sections: 
   - Science and Technology 
   - Curriculum Integration 
 
- Math Project integrates: Literature, 
Music, Art, Social Studies, Science 
- Interactive Math Story 
  
Inclusion of 
Standards 
The National Science Education 
Standards (NSES) are located in the 
Appendix under Correlations.  PA 
Academic Standards are not referenced. 
Embedded in every lesson; standards 
referenced are the national Common Core 
State Standards (CCSS), not the PA Core. 
   
Pacing Guide Lesson-based Topic-based 
Differentiation Leveled Reading: 
• ELL/ESL Support 
• Intervention (Below Level) 
• Enrichment (On-Level) 
• Challenge (Above Level) 
Leveled Homework: 
• Reteaching (Intervention) 
• Practice (On-level)  
• Enrichment (Advanced) 
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Table 4.26 
Comparison of S-STEM-EL and T-STEM-EL 21st Century Learning Attitudes Questions 
 
 
S-STEM-EL Questions T-STEM-EL Questions 
  
I think that it is important that students have 
learning opportunities to… 
 
I can lead others to reach a goal. Lead others to accomplish a goal. 
I like to help others to do their best. Encourage others to do their best. 
In school and at home, I can do things well. Produce high quality work. 
I respect all children my age even if they are different 
from me. 
Respect the differences of their peers. 
I try to help other children my age. Help their peers. 
I make decisions, I think about what is good for other 
people. 
Include others’ perspectives when making 
decisions. 
When things do not go how I want, I can change my 
actions for the better. 
Make changes when things do not go as planned. 
I can make my own goals for learning. Set their own learning goals. 
I can use time wisely when working on my own. Manage their time wisely when working on their 
own. 
When I have a lot of homework,  
I can choose what needs to be done first. 
Choose which assignment out of many needs to be 
done first. 
I can work well with students, even if they are 
different from me. 
Work well with students from different 
backgrounds. 
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Table 4.27 
Comparison of S-STEM-EL 21st Century Learning Attitudes Questions with 
Pennsylvania’s Draft Standards for Student Interpersonal Skills 
 
S-STEM-EL Questions DRAFT Student Interpersonal Skills Standards 
  
I can lead others to reach a goal. Use communication and social skills to interact 
effectively with others. (2C) 
I like to help others to do their best. Respect and recognize the feelings and perspectives 
of others. (2A) 
In school and at home, I can do things well. Demonstrate skills related to achieving personal, 
civic, and academic goals.  (1C) 
I respect all children my age even if they are different 
from me. 
Respect and recognize the feelings and perspectives 
of others. (2A) 
I try to help other children my age. Create societal norms which encourage active 
engagement in creating healthy relationships 
(upstanders vs. bystanders).  (2E) 
I make decisions, I think about what is good for other 
people. 
Consider civic, safety, and societal factors in 
making decisions.  (3A) 
When things do not go how I want, I can change my 
actions for the better. 
Apply decision-making skills to deal responsibly 
with daily academic and social situations.  (3B) 
I can make my own goals for learning. Demonstrate skills related to achieving personal, 
civic, and academic goals.  (1C) 
I can use time wisely when working on my own. Demonstrate skills related to achieving personal, 
civic, and academic goals.  (1C) 
When I have a lot of homework,  
I can choose what needs to be done first. 
Apply decision-making skills to deal responsibly 
with daily academic and social situations.  (3B) 
I can work well with students, even if they are 
different from me. 
Use communication and social skills to interact 
effectively with others. (2C) 
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Table 4.28 
Comparison of T-STEM-EL 21st Century Learning Attitudes Questions with 
Pennsylvania’s Draft Standards for School Climate 
 
T-STEM-EL Questions DRAFT School Climate Standards 
 
I think that it is important that students have 
learning opportunities to… 
 
 
The educational community… 
 
Lead others to accomplish a goal.  
Encourage others to do their best. promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (3) 
Produce high quality work.  
Respect the differences of their peers. 
 
  
promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (3) 
Help their peers. provides a safe and secure learning environment 
that promotes health and wellness. (2) 
Include others’ perspectives when making decisions. promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (3) 
Make changes when things do not go as planned. promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (5) 
Set their own learning goals. and its partners provide a nurturing learning 
environment that specifically promotes the 
acquisition of social, emotional, behavioral, civic, 
ethical, and academic competencies. (5) 
Manage their time wisely when working on their 
own. 
promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (5) 
Choose which assignment out of many needs to be 
done first. 
promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (5) 
Work well with students from different backgrounds. promotes an environment that recognizes and 
understands diversity and builds positive citizenship 
where all members are welcomed, safe, engaged, 
and supported. (5) 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
Introduction 
This study was conducted with the purpose of better understanding upper 
elementary students’ attitudes (SA) toward STEM subjects and careers by exploring the 
influences of opportunity to learn (OTL) and teacher’s efficacy (TE) in the comparative 
contexts of math and science.  The goal of the study was to offer recommendations to the 
case school district for enhancing OTL, TE, and ultimately SA.  This study was 
conducted with several underlying assumptions.  First, the situation for science teaching 
and learning at the elementary level is concerning.  Second, science is the subject most 
often used as a synonym for STEM as well as a vehicle for STEM integrative content.  
Third, ensuring a viable flow of students K–12 through the STEM pipeline, by 
integrating STEM subjects, is a worthwhile educational goal.  Fourth, in order for STEM 
integration to occur within the schools of any district, the OTL the two prevalent STEM 
subjects, math and science, ought to be comparable and complementary.  Fifth, TE 
toward math and science ought to also be comparable and complementary.  Finally, a 
viable flow of students through the STEM pipeline ought to be partially indicated by 
students’ attitudes toward math and science, which are also comparable and 
complementary, and partially indicated by students’ achievement.   
The dominant educational policy of today, NCLB, however, doesn’t promote this 
thinking.  NCLB has instead encouraged a competition between more frequently tested 
subjects such as math and less frequently tested subjects such as science.  More mandated 
testing in math than science creates building schedules and classroom lessons that lend 
more opportunity to learn math than science.  Mandated testing in general creates a 
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milieu in which student achievement, as determined by test scores, becomes the main 
educational outcome while students’ attitudes are nearly excluded from consideration.  In 
order for school districts across the country to adequately prepare a viable flow of 
students through the STEM pipeline, they need an understanding of how OTL, TE, and 
SA towards math and science are playing out in their schools.   This understanding needs 
to begin at the upper elementary level as research suggests that a majority of adults 
working in STEM-focused careers solidified their interest in such fields as early as 10 – 
14 years of age (Osborne, Simon, & Tytler, 2009).   
This Chapter begins with the conclusion section in which the three central 
research questions are answered, building upon the findings of the six sub-questions 
presented in Chapter 4.  Recommendations follow.  The recommendations start in a 
general sense and then become specific as circumstances unique to the case school 
district are considered.  The district’s circumstances considered include the 
implementation of a new elementary schedule for the 2015 – 2016 school; the revision of 
the three year District Level Comprehensive Plan, also during the 2015 – 2016 school 
year; the anticipated approval of Pennsylvania’s DRAFT Student Interpersonal Skill 
Standards and School Climate Standards in the near future; the district’s annual 
elementary Career Day; and the district’s annual elementary Science Fair. 
Conclusions 
The key findings of this study are presented below as concise answers to the three 
central questions guiding this study.  First, how do the opportunities to learn math and 
science influence students’ attitudes toward STEM?  Considering students’ math attitude 
scores (78.7%) with sub-categorical scores of 80% for confidence and 77.5% for 
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usefulness, and students’ science attitude scores (75.9%) with sub-categorical scores of 
82% for confidence and 69.5% for usefulness, it can be concluded that students do not 
perceive science as useful as math.  This perception of lack of usefulness was apparent in 
individual questions probing careers.  Considering the circumstances of the opportunity 
to learn (OTL) math and science may offer some insight as to why this perspective exists.  
The OTL math was determined in part by the coverage of math eligible content by fourth 
grade teachers (94.6%) and fifth grade teachers (98.3%).  The OTL math was also 
determined in part by findings that most teachers spent more than an hour per day on 
math instruction.  The OTL math was described as intensive, consistent, sufficient, 
aligned, focused, and up to date.  Using both teachers’ perceptions and state expectations 
this description of math was suggested to be acceptable.  This description was in stark 
contrast to the OTL science.  The OTL science was determined in part by the coverage of 
science eligible content by fourth grade teachers (74.6%) and the fifth grade teachers 
(66.7%).  The OTL science was also determined in part by findings that most teachers 
spent 30 minutes or less per day on science.  The OTL science was determined to be 
extensive, inconsistent, insufficient, unaligned, unfocused, and out of date.  This 
suggested a less than acceptable description of OTL science, especially when compared 
to math, and may offer insight into why students’ perceived usefulness of science is 
lower than in math. 
Second, how do teachers’ math and science teaching efficacies influence students’ 
attitudes toward STEM?  Considering teachers’ MTEB scores (78.5%) with sub-
categorical scores for PMTEB of 84.3% and MTOE of 71.5%, and teachers’ STEB scores 
(75.6%) with sub-categorical scores for PSTEB of 78.4% and STOE of 72.2%, it can be 
	  	  
170 
concluded that teachers’ outcome expectancy (OE) in both math and science is noticeably 
lower than their personal teaching (PT) efficacy.  It can also be concluded that teachers’ 
science PT is noticeably lower than their math PT.  This difference was reflected in the 
perceptions of teachers interviewed.  The teacher-participants expressed an interest and 
ability in math.  They indicated that they use their interests and abilities, as well their own 
beliefs about the importance of math, as motivational strategies to positively influence 
students’ attitudes toward math.   Although participants did not use the terms “numeracy” 
or “mathematical literacy,” they used the equivalent phrases, “number sense” and “math 
sense.”  Although not technical, the use of math sense showed that participants shared a 
common phrase to communicate the importance of math.  On the other hand, the teacher-
participants expressed beliefs that science was enjoyable and related to everyday living.  
They used these beliefs as engagement strategies to influence students’ attitudes toward 
science.  Participants did not use any technical terms such as “scientific literacy,” nor did 
they use any common phrases to communicate the importance of science, either.  The 
teachers’ stronger expressed interests, abilities, and beliefs about math, along with higher 
math PT, may offer insight into why students’ perceived usefulness of math is higher 
than in science. 
Third, how are math and science being taught in relation to each other?  The 
teacher-participants mentioned several general curricular areas that were integrated in 
math at the upper elementary level.  These areas included science, technology, reading, 
and careers in both.  The same four areas were also mentioned to be integrated into 
science.  However, general cross-curricular integration into either math or science was 
not necessarily intentional and consistent.  Specific cross-curricular integration activities 
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and strategies mentioned to occur intermittently in math included: the reading of the 
Interactive Math Stories in enVisionMATH, teaching the domain of Measurement and 
Data, creating Science Fair projects, students’ use of iPads, teachers’ use of the Smart 
Notebook and Smart Board, and students’ participation in Career Day.  Specific cross-
curricular integration activities and strategies mentioned to occur intermittently in science 
included: stories in the reading program Journeys, engaging in incidental discussion, 
teaching the domain of Measurement and Data, creating Science Fair projects, students’ 
use of iPads, teachers’ use of the Smart Notebook and Smart Board, and students’ 
participation in Career Day.  Considering the areas of cross-curricular integration 
mentioned for both math and science revealed several strategies and activities that 
overlapped: teaching the domain of Measurement and Data, creating Science Fair 
projects, students’ use of iPads, teachers’ use of the Smart Notebook and Smart Board, 
and students’ participation in Career Day.   
Teachers’ reflections on the STEM collective revealed not only an increased 
awareness of the integrative nature of STEM but also a sense of positivity toward it.  The 
positivity was shared as an appreciation for the reflection on their practice that the study 
participation offered them.  Specifically, teachers expressed an appreciation for the 
awareness of how cross-curricular or integrative teaching was missing from their own 
practice.  
Recommendations for the Case School District 
In Chapter 4, aspects of three constructs of the study− OTL, TE, and SA− were 
revealed in the findings and discussed.  The descriptions of the constructs resulting from 
this study offered specific areas of improvement.  First, the opportunity to learn science 
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was described as extensive, inconsistent, insufficient, unaligned, unfocused, and out of 
date.  This depiction of the science instructional milieu suggested that improving 
teachers’ familiarity with science EC, IT in science, and science curriculum resources, 
might improve the OTL science for students.  Second, the depiction of teachers’ low 
scores in personal science teaching efficacy, outcome expectancy, STEM career 
awareness, STEM instruction, and student technology use combined with teachers’ high 
awareness of the value of the integrative teaching by means of the STEM collective 
suggested that improving TE and attitudes might improve the OTL science for students.  
Third, students’ attitudes, particularly those of girls, revealed a high interest in pursuing 
careers involving creativity such as engineering, yet their perceptions of science as useful 
or important to their future careers was low.  Overall, students did not seem to perceive 
the relationships among creativity, engineering, the concept of design, science, and 
careers.  The disconnect among students between the science they were learning in school 
and their expressed career interests offers an aspect of SA that could be enhanced. 
Altogether, both students’ and teachers’ attitudes reflected a need for more STEM 
integration into teaching and, thus, learning.  Twenty-first century learning attitudes were 
presented as a major strength of both teachers and students.  Maintaining the twenty-first 
century skills among teachers was shown to be worthwhile, as these skills are closely 
related to Pennsylvania’s soon to be adopted School Climate standards.  Additionally, 
maintaining the twenty-first century skills among students was also shown to be 
worthwhile, for a similar reason.  Students’ twenty-first century skills probed in this 
study are closely related to Pennsylvania’s soon to be adopted Student Interpersonal 
Skills Standards. 
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The general recommendation to enhance the first construct, the OTL science, 
includes creating circumstances in which science can be described similarly to math as 
intensive, consistent, sufficient, aligned, focused, and up to date.  By making the same 
changes for science, as was done for math – the implementation of new standards, 
curriculum, pacing guides, and textbook program, and professional development for 
teachers, – the District could create the circumstances.  Even though Pennsylvania has 
not yet approved its DRAFT Science, Technology and Engineering Education Standards 
(STEE), they are available and could be implemented, if the school district desired to do 
so.  Additionally, the Next Generation Science Standards (NGSS), are also available for 
implementation.  To implement either set of standards in the absence of a federal 
mandate to do so, would be a very ambitious task.  It would require a great deal of effort 
by the school district’s elementary Science Committee to research elementary science 
programs aligned to either the STEE standards or NGSS and then re-write the entire 
science curriculum in order to be aligned to one of those sets of standards.  Changing the 
circumstances of the OTL science would not only be ambitious for those comprising the 
science committee, it would also be ambitious financially.  An investment in new 
curriculum resource materials would be required.  Thus, it is recommended that this 
process of enhancing the OTL science take place over the course of several years.  The 
specific recommendation to the case district is that it acknowledge the task of improving 
the OTL science at the elementary level as worthy by including the task in its next 
District Level Comprehensive Plan to be implemented in 2016.  Improving science could 
be included as a Strategy or Action Step under the newly created Goals.  The process of 
improving science would become a three-year commitment, following the pre-planning 
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prior to implementation of the 2016 Comprehensive Plan.  The two goals of the current 
2013 – 2016 District Level Comprehensive Plan are as follows: 
1) The District will ensure consistent implementation of standards-aligned 
curricula across all schools for all students in all content areas.   
2) The District will ensure that all classroom teachers in each school provide 
quality instruction that promotes challenging learning experiences for all students.   
The first goal includes three strategies: using walk through instruments, using 
curriculum-based assessments, and curriculum revision.  The second includes five 
strategies: establishing safe and supportive classroom environments, holding students 
accountable, engaging students, using best instructional practices, and differentiating 
instruction.  If the goals for the next plan were written similarly, for example, improving 
the OTL science could be included under the third strategy of the first goal.  
The general recommendation to enhance TE,  the second construct,  with respect 
to  science and attitudes towards STEM is for the district to offer appropriate professional 
development.  The School Climate Standards referenced in Chapter 4 include the phrase 
“capacity building.”  Michael Fullan, author of The Six Secrets of Change, describes 
individuals and groups as high capacity building “if they possess and continue to develop 
knowledge and skills, if they attract and use resources wisely, and if they are committed 
to putting in the energy to get important things done collectively and continuously” 
(2008, p. 57).  The teacher-participants interviewed expressed an overwhelming 
commitment to putting in the energy to get things done; however, they need a process for 
continuing to develop knowledge and skills.  Kai’s statement, mentioned previously with 
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regard to being asked about her awareness of the Next Generation Science Standards, 
captures the conflict between these aspects:  
I don’t even have time to really wonder about that.  It’s hard to fit in whatever we 
do now.   So, I’ll just be like, I’ll do it.  Okay, I mean being locked in your 
classroom all day, being a classroom teacher, that is important, but when am I 
supposed to sit down and go through and think of that? 
 
The district must take the lead in enhancing the capacity building of its teachers, by 
offering professional development for the knowledge and skills that are both interesting 
to and needed by them.  As presented in this study, the skills and knowledge in STEM 
integration are apparently both interesting to teachers and needed by them.  
 The general recommendation for enhancing SA, the third construct, is to integrate 
the STEM collective into preexisting structures as applicable so that students are able to 
discern the currently unrealized relationships among creativity, engineering, the concept 
of design, science, and careers.  Considering that Pennsylvania’s Science, Technology, 
and Engineering Educaiton Standards have not yet been approved by the State Board of 
Education, nor have the more rigorous NGSS even seriously been introduced into the 
educational policy discussion in the State, the District is in an ideal position to take 
advantage of students’ interests revealed in this study, and further strengthen students’ 
attitudes toward science, and towards STEM.  The situation is ideal now because no law 
currently mandates the District to do anything regarding STEM.  This means the District 
can take on the task at its own pace and without external pressure.  However, also 
considering that the School Board just approved a new elementary schedule for the 2015 
– 2016 school year, it is recommended that the case district use activities already built 
into the structure of the school day and year to integrate STEM.  Those activities include 
the Science Fair and Career Day, as they were two activities mentioned by teacher-
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participants due to their cross-curricular nature.  It is recommended that these two 
activities be modified to not only enhance their minimal STEM integration, but to 
promote STEM integration, bringing awareness to the entire staff and student body that 
areas of STEM – science, technology, engineering, and math – are not isolated from each 
other. 
Regarding Career Day, it is recommended that a district-wide effort be made to 
secure at least one STEM-related professional to attend and speak to students.  This 
STEM-related professional should be expected, at a minimum, to discuss the usefulness 
of the STEM subject areas, particularly science, as well as the close relationships among 
science, technology, engineering, and math to their career.  District-wide effort implies 
that the burden of securing a high quality STEM professional should not fall upon the 
elementary teachers in each building.  The elementary teachers should not be aiming to 
invite simply whomever they can to attend; the attendees should be invited with intention.  
Perhaps, as mentioned above, a district-wide effort could be accomplished by including 
Career Day as a strategy or action step in the District’s next Comprehensive Plan. 
Regarding the Science Fair, it is recommended first that the name be changed to 
the STEM Fair.  The name change will promote awareness among students and teachers 
of the relationship between the STEM areas and can offer a pre-existing space for math-
based science.  Considering that math is perceived to be of higher importance and that the 
weakest domain of math, Measurement and Data, is naturally connected to science, 
explicitly including math in a STEM Fair may elevate the importance of the entire 
project.  If math is included, the stakes are higher.  The national reality of NCLB’s focus 
on math and individual teachers’ focus on math PSSAs ought to be leveraged.  Science 
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and math should not be in competition with each other; rather, they should be 
complementary to one another whenever possible.   
Considering that a major strength of students, as well as teachers, was twenty-first 
century learning attitudes, it is recommended that the STEM Fair encourage collaborative 
projects between and among students rather than requiring an individual project.  The 
twenty-first century learning attitudes from the S-STEM-EL and T-STEM-EL show a 
natural fit with the notion of a STEM Fair:  a) lead others to accomplish a goal, b) 
encourage others to do their best, c) produce high quality work, d) respect the differences 
of their peers, e) help their peers, f) include others’ perspectives when making decisions, 
g) make changes when things do not go as planned, h) set their own learning goals, i) 
manage their time wisely when working on their own, j) choose which assignment out of 
many needs to be done first, and k) work well with students from different backgrounds.  
Additionally, the statements of twenty-first century learning attidues were shown to be 
related to standards for both Student Interpersonal Skills and School Climate.  Assuming 
these DRAFT standards are to be implemented into public education in the near future, it 
is advantageous for the school district to have clearly identified activies designed to 
address these standards.  The increased attention to school climate reflects both the 
concern for improving schools and the need for “preparing students to address the myriad 
of challenges they will face in the 21st century” (National School Climate Council, 2009, 
p. 2).  One of the twenty-first century challenges related to this study is the preparation of 
a STEM-capable workforce. 
It is recommended that the STEM Fair be integrated in elementary art classes.  
The elements of design necessary for the planning and layout of a project on a board are 
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skills generally associated with art class.  By uniting the design of the STEM Fair poster 
in art class with the conducting of the STEM Fair experiment in science class, a natural 
and meaningful cross-curricular integration is introduced to both students and teachers.  
Additionally, by shifting the designing of the STEM Fair poster to art class from science 
class, more instructional time for science would be available for domains receiving less 
coverage such as Earth and Space Science. 
Finally, it is recommended that students in grades K-4 who do not create Science 
Fair projects be given structured, age-appropriate guidelines, aligned to Science and 
Technology Standards, when viewing the projects and interacting with the 5th graders 
who are required to stand in front of their projects. 
Recommendations for Future Research 
A single case study cannot make the case for STEM integration at the elementary 
level in the United States.  What this case study can do is make the case for STEM 
integration in one district as a means of enhancing OTL science, TE toward science, and 
ultimately SA toward science.  This case study may bring awareness to other 
Pennsylvania elementary schools concerned about science and STEM, contribute to the 
emerging literature on students’ attitudes and the STEM pipeline, and catch the attention 
of  policy makers aiming to develop educational policy inclusive of attitudinal outcomes.  
Since the exploration in this study of the influences on SA of the important and well-
established constructs of OTL and TE  was primarily qualitative, further research 
exploring the quantitative relationships is needed.  Statistical studies aiming to show 
correlational and regression relationships between the OTL and SA constructs are 
especially needed since that represents a void in the literature.  
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Summary 
The purpose of this study was to better understand upper elementary students’ 
attitudes (SA) toward STEM subjects and careers by exploring the roles that opportunity 
to learn (OTL) and teacher’s efficacy (TE) play in the comparative contexts of math and 
science.  The goal of the study was to offer recommendations to the case school district 
for STEM integration as a means of enhancing opportunity to learn, teachers’ efficacy, 
and students’ attitudes towards STEM.  Fulfilling the goal of this study resulted in three 
recommendations: a) district-level acknowledgement of the value of improving the 
opportunity to learn science at the elementary level by its inclusion in the 2016 District 
Level Comprehensive Plan, b) enhancement of staff capacity building through STEM 
integrative professional development and c) integration of STEM into the pre-existing 
structured elementary activities of Career Day and the Science Fair. 
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Appendix A 
Teacher Efficacy & Attitudes toward STEM Survey:  
Upper Elementary (4th − 5th grades) or T-STEM-EL 
 
 
 
URL for electronic version: 
http://www.surveygizmo.com/s3/1925199/T-STEM-EL-Teacher-Efficacy-and-Attitudes-towards-STEM-
Survey-Upper-Elementary-4th-5th-grade  
 
 
 
Teacher Demographics 
 
How many years have you been teaching? Please include this current year as a full year of teaching. 
( ) 1-5 
( ) 6-10 
( ) 11-20  
( ) more than 20 years 
 
 
What is your gender? 
( ) female 
( ) male 
 
 
What grade do you teach? 
( ) 4th 
( ) 5th 
 
Describe your educational experience (courses, workshops, degrees, etc.) pertaining to science and 
math.   
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Science Teaching Efficacy and Beliefs 
 
DIRECTIONS: 
For each of the following statements, please indicate the degree to which you agree or disagree. 
Even though some statements are very similar, please answer each statement. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
Whenever possible, let the things that have happened to you help make your choice. 
 
Please respond to the following questions regarding your feelings about your own teaching. 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
I am continually improving my science teaching practice.     
I know the steps necessary to teach science effectively.     
I am confident that I can explain to students why science experiments 
work. 
    
I am confident that I can teach science effectively.     
I wonder if I have the necessary skills to teach science.     
I understand science concepts well enough to be effective in teaching 
science 
    
Given a choice, I would invite a colleague to evaluate my science teaching.     
I am confident that I can answer students’ science questions.     
When a student has difficulty understanding a science concept, I am 
confident that I know how to help the student understand it better. 
    
When teaching science, I am confident enough to welcome student 
questions. 
    
I know what to do to increase student interest in science.     
 
Science Teaching Outcome Expectancy 
 
DIRECTIONS: 
For each of the following statements, please indicate the degree to which you agree or disagree. 
Even though some statements are very similar, please answer each statement. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Please respond to the following questions regarding your feelings about teaching in general. 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
When a student does better than usual in science, it is often because the 
teacher exerted a little extra effort. 
    
The inadequacy of a student’s science background can be overcome by 
good teaching. 
    
When a student’s learning in science is greater than expected, it is most 
often due to their teacher having found a more effective teaching approach. 
    
The teacher is generally responsible for students’ learning in science.     
If students’ learning in science is less than expected, it is most likely due to 
ineffective science teaching. 
    
Students’ learning in science is directly related to their teacher’s 
effectiveness in science teaching. 
    
When a low achieving child progresses more than expected in science, it is 
usually due to extra attention given by the teacher. 
    
If parents comment that their child is showing more interest in science at 
school, it is probably due to the performance of the child’s teacher. 
    
Minimal student learning in science can generally be attributed to their 
teachers. 
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Mathematics Teaching Efficacy and Beliefs 
 
DIRECTIONS 
For each of the following statements, please indicate the degree to which you agree or disagree. 
Even though some statements are very similar, please answer each statement. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
Whenever possible, let the things that have happened to you help make your choice. 
 
Please respond to the following questions regarding your feelings about your own teaching. 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
I am continually improving my mathematics teaching practice.     
I know the steps necessary to teach mathematics effectively.     
I am confident that I can explain to students why mathematics experiments 
work. 
    
I am confident that I can teach mathematics effectively.     
I wonder if I have the necessary skills to teach mathematics.     
I understand mathematics concepts well enough to be effective in teaching 
mathematics. 
    
Given a choice, I would invite a colleague to evaluate my mathematics teaching.     
I am confident that I can answer students’ mathematics questions.     
When a student has difficulty understanding a mathematics concept, I am 
confident that I know how to help the student understand it better. 
    
When teaching mathematics, I am confident enough to welcome student 
questions. 
    
I know what to do to increase student interest in mathematics.     
 
Mathematics Teaching Outcome Expectancy 
 
DIRECTIONS: 
For each of the following statements, please indicate the degree to which you agree or disagree. 
Even though some statements are very similar, please answer each statement. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
Whenever possible, let the things that have happened to you help make your choice. 
 
Please respond to the following questions regarding your feelings about teaching in general. 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
When a student does better than usual in mathematics, it is often because 
the teacher exerted a little extra effort. 
    
The inadequacy of a student’s mathematics background can be overcome 
by good teaching. 
    
When a student’s learning in mathematics is greater than expected, it is most often 
due to their teacher having found a more effective teaching approach. 
    
The teacher is generally responsible for students’ learning in mathematics.     
If students’ learning in mathematics is less than expected, it is most likely 
due to ineffective science teaching. 
    
Students’ learning in mathematics is directly related to their teacher’s 
effectiveness in mathematics teaching. 
    
When a low achieving child progresses more than expected in mathematics, 
it is usually due to extra attention given by the teacher. 
    
If parents comment that their child is showing more interest in mathematics 
at school, it is probably due to the performance of the child’s teacher. 
    
Minimal student learning in mathematics can generally be attributed to their 
teachers. 
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Student Technology Use 
 
DIRECTIONS: 
Please answer the following questions about how often students use technology in settings where you 
instruct students. 
If the question is not applicable to your situation, please select “Never.” 
 
During STEM, science, and/or math instructional time, how often do your students… 
 Always  
Most of 
the time  
Some of 
the time Never 
Use a variety of technologies, e.g. productivity, data visualization, 
research, and communication tools. 
    
Use technology to communicate and collaborate with others, 
beyond the classroom. 
    
Use technology to access online resources and information as a part 
of activities. 
    
Use the same kinds of tools that professional researchers use, e.g. 
simulations, databases, satellite imagery. 
    
Work on technology-enhanced projects that approach real-world 
applications of technology. 
    
Use technology to help solve problems.     
Use technology to support higher-order thinking, e.g. analysis, 
synthesis and evaluation of ideas and information. 
    
Use technology to create new ideas and representations of 
information. 
    
 
21st Century Learning Attitudes 
 
DIRECTIONS: 
Please answer the following questions regarding your feelings in general. 
 
“I think it is important that students have learning opportunities to…” 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
Lead others to accomplish a goal.     
Encourage others to do their best.     
Produce high quality work.     
Respect the differences of their peers.     
Help their peers.     
Include others’ perspectives when making decisions.     
Make changes when things do not go as planned.     
Set their own learning goals.     
Manage their time wisely when working on their own.     
Choose which assignment out of many needs to be done 
first. 
    
Work well with students from different backgrounds.     
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Elementary STEM Instruction 
 
DIRECTIONS: 
Please answer the following questions about how often students engage in the following tasks during 
your instructional time. 
If the question is not applicable to your situation, please select “Never.” 
 
During STEM, science, and/or math instructional time, how often do your students… 
 Always  
Most of 
the time  
Some of 
the time Never 
Develop problem-solving skills through investigations (e.g. 
scientific, design or theoretical investigations). 
    
Work in small groups.     
Make predictions that can be tested.     
Make careful observations or measurements.     
Use tools to gather data (e.g. calculators, computers, computer 
programs, scales, rulers, compasses, etc.). 
    
Recognize patterns in data.     
Create reasonable explanations of results of an experiment or 
investigation. 
    
Choose the most appropriate methods to express results (e.g. 
drawings, models, charts, graphs, technical language, etc.). 
    
Complete activities with a real-world context.     
Engage in content-driven dialogue.     
Reason abstractly.     
Reason quantitatively.     
Critique the reasoning of others.     
Learn about careers related to the instructional content.     
 
Teacher Leadership Attitudes 
 
DIRECTIONS: 
Please answer the following questions regarding your feelings in general. 
 
“I think it is important that teachers …” 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
Take responsibility for all students’ learning.     
Communicate vision to students.     
Use a variety of assessment data throughout the year to 
evaluate progress. 
    
Use a variety of data to organize, plan and set goals.     
Establish a safe and orderly environment.     
Empower students.     
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STEM Career Awareness 
 
DIRECTIONS: 
Please respond to the following questions based on how much you disagree or agree with the 
following statements.  
 
“I know …” 
 
Strongly 
Agree  Agree Disagree 
Strongly 
Disagree 
About current STEM careers.     
Where to go to learn more about STEM careers.     
Where to find resources for teaching students about STEM 
careers. 
    
Where to direct students or parents to find information 
about STEM careers. 
    
 
 
 
 
Opportunity to Learn: Instructional Time in Science & Math 
 
Considering SCIENCE on a typical day in your schedule, how much time do you spend, on average, 
on science instruction and science-related activities per day? 
 
* Answer based on the time you ACTUALLY spend, not what you are expected to spend. 
 
( ) about 30 minutes or less 
( ) about 45 minutes 
( ) about 60 minutes  
( ) about 75 minutes or more 
 
 
Considering MATH on a typical day in your schedule, how much time do you spend, on average, on 
math instruction and math-related activities (i.e. math facts) per day? 
 
* Answer based on the time you ACTUALLY spend, not what you are expected to spend. 
 
( ) about 30 minutes or less 
( ) about 45 minutes 
( ) about 60 minutes  
( ) about 75 minutes or more 
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Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on The Nature of Science is covered in your 4th grade SCIENCE 
lessons. 
 
In 
depth 
Some 
what 
Not  
at 
all 
Distinguish between a scientific fact and an opinion, providing clear explanations that connect 
observations and results (e.g., a scientific fact can be supported by making observations). 
( )  ( )  ( )  
Identify and describe examples of common technological changes past to present in the community 
(e.g., energy production, transportation, communications, agriculture, packaging materials) that have 
either positive or negative impacts on society or the environment. 
( )  ( )  ( )  
Observe and record change by using time and measurement. ( )  ( )  ( )  
Describe relative size, distance, or motion. ( )  ( )  ( )  
Observe and describe the change to objects caused by temperature change or light. ( )  ( )  ( )  
Explain what happens to a living organism when its food supply, access to water, shelter, or space is 
changed (e.g., it might die, migrate, change behavior, eat something else). 
( )  ( )  ( )  
Provide examples, predict, or describe how everyday human activities (e.g., solid waste production, 
food production and consumption, transportation, water consumption, energy production and use) 
may change the environment. 
( )  ( )  ( )  
Generate questions about objects, organisms, or events that can be answered through scientific 
investigations. 
( )  ( )  ( )  
Design and describe an investigation (a fair test) to test one variable. ( )  ( )  ( )  
Observe a natural phenomenon (e.g., weather changes, length of daylight/night, movement of 
shadows, animal migrations, growth of plants), record observations, and then make a prediction 
based on those observations. 
( )  ( )  ( )  
State a conclusion that is consistent with the information/data. ( )  ( )  ( )  
Identify appropriate tools or instruments for specific tasks and describe the information they can 
provide (e.g., measuring: length - ruler, mass - balance scale, volume - beaker, temperature - 
thermometer; making observations: hand lens, binoculars, telescope). 
( )  ( )  ( )  
Categorize systems as either natural or human-made (e.g., ballpoint pens, simple electrical circuits, 
plant anatomy, water cycle). 
( )  ( )  ( )  
Explain a relationship between the living and nonliving components in a system (e.g., food web, 
terrarium). 
( )  ( )  ( )  
Categorize the parts of an ecosystem as either living or nonliving and describe their roles in the 
system. 
( )  ( )  ( )  
Identify the parts of the food and fiber systems as they relate to agricultural products from the source 
to the consumer. 
( )  ( )  ( )  
Identify what different models represent (e.g., maps show physical features, directions, distances; 
globes represent Earth; drawings of watersheds depict terrain; dioramas show ecosystems; concept 
maps show relationships of ideas). 
( )  ( )  ( )  
Use models to make observations to explain how systems work (e.g., water cycle, Sun-Earth-Moon 
system). 
( )  ( )  ( )  
Use appropriate, simple modeling tools and techniques to describe or illustrate a system (e.g., two 
cans and string to model a communications system, terrarium to model an ecosystem). 
( )  ( )  ( )  
Identify and describe observable patterns (e.g., growth patterns in plants, weather, water cycle). ( )  ( )  ( )  
Predict future conditions/events based on observable patterns (e.g., day/night, seasons, 
sunrise/sunset, lunar phases). 
( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Biological Sciences is covered in your 4th grade SCIENCE 
lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Identify life processes of living things (e.g., growth, digestion, respiration). ( )  ( )  ( )  
Compare similar functions of external characteristics of organisms (e.g., anatomical characteristics: 
appendages, type of covering, body segments). 
( )  ( )  ( )  
Describe basic needs of plants and animals (e.g., air, water, food). ( )  ( )  ( )  
Describe how different parts of a living thing work together to provide what the organism needs (e.g., 
parts of plants: roots, stems, leaves). 
( )  ( )  ( )  
Describe the life cycles of different organisms (e.g., moth, grasshopper, frog, seed-producing plant). ( )  ( )  ( )  
Identify characteristics for plant and animal survival in different environments (e.g., wetland, tundra, 
desert, prairie, deep ocean, forest). 
( )  ( )  ( )  
Explain how specific adaptations can help a living organism survive (e.g., protective coloration, 
mimicry, leaf sizes and shapes, ability to catch or retain water). 
( )  ( )  ( )  
Identify physical characteristics (e.g., height, hair color, eye color, attached earlobes, ability to roll 
tongue) that appear in both parents and could be passed on to offspring. 
( )  ( )  ( )  
Describe the living and nonliving components of a local ecosystem (e.g., lentic and lotic systems, 
forest, cornfield, grasslands, city park, playground). 
( )  ( )  ( )  
Describe interactions between living and nonliving components (e.g. plants – water, soil, sunlight, 
carbon dioxide, temperature; animals – food, water, shelter, oxygen, temperature) of a local ecosystem. 
( )  ( )  ( )  
Describe what happens to a living thing when its habitat is changed. ( )  ( )  ( )  
Describe and predict how changes in the environment (e.g., fire, pollution, flood, building dams) can 
affect systems. 
( )  ( )  ( )  
Explain and predict how changes in seasons affect plants, animals, or daily human life (e.g., food 
availability, shelter, mobility). 
( )  ( )  ( )  
Identify everyday human activities (e.g., driving, washing, eating, manufacturing, farming) within a 
community that depend on the natural environment. 
( )  ( )  ( )  
Describe the human dependence on the food and fiber systems from production to consumption (e.g., 
food, clothing, shelter, products). 
( )  ( )  ( )  
Identify biological pests (e.g., fungi – molds, plants – foxtail, purple loosestrife, Eurasian water milfoil; 
animals – aphides, ticks, zebra mussels, starlings, mice) that compete with humans for resources. 
( )  ( )  ( )  
Identify major land uses in the urban, suburban and rural communities (e.g., housing, commercial, 
recreation). 
( )  ( )  ( )  
Describe the effects of pollution (e.g., litter) in the community. ( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Physical Sciences is covered in your 4th grade SCIENCE 
lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Use physical properties [e.g., mass, shape, size, volume, color, texture, magnetism, state (i.e., solid, 
liquid, and gas), conductivity (i.e., electrical and heat)] to describe matter. 
( )  ( )  ( )  
Categorize/group objects using physical characteristics. ( )  ( )  ( )  
Identify energy forms, energy transfer, and energy examples (e.g., light, heat, electrical). ( )  ( )  ( )  
Describe the flow of energy through an object or system (e.g., feeling radiant heat from a light bulb, 
eating food to get energy, using a battery to light a bulb or run a fan). 
( )  ( )  ( )  
Recognize or illustrate simple direct current series and parallel circuits composed of batteries, light 
bulbs (or other common loads), wire, and on/off switches. 
( )  ( )  ( )  
Identify characteristics of sound (e.g., pitch, loudness, reflection). ( )  ( )  ( )  
Describe changes in motion caused by forces (e.g., magnetic, pushes or pulls, gravity, friction). ( )  ( )  ( )  
Compare the relative movement of objects or describe types of motion that are evident (e.g., 
bouncing ball, moving in a straight line, back and forth, merry-go-round). 
( )  ( )  ( )  
Describe the position of an object by locating it relative to another object or a stationary background 
(e.g., geographic direction, left, up). 
( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Earth and Space Sciences is covered in your 4th grade 
SCIENCE lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Describe how prominent Earth features in Pennsylvania (e.g., mountains, valleys, caves, sinkholes, 
lakes, rivers) were formed. 
( )  ( )  ( )  
Identify various Earth structures (e.g., mountains, watersheds, peninsulas, lakes, rivers, valleys) 
through the use of models. 
( )  ( )  ( )  
Describe the composition of soil as weathered rock and decomposed organic remains. ( )  ( )  ( )  
Identify products and by-products of plants and animals for human use (e.g., food, clothing, building 
materials, paper products). 
( )  ( )  ( )  
Identify the types and uses of Earth materials for renewable, nonrenewable, and reusable products 
(e.g., human-made products: concrete, paper, plastics, fabrics). 
( )  ( )  ( )  
Recognize ways that humans benefit from the use of water resources (e.g., agriculture, energy, 
recreation). 
( )  ( )  ( )  
Describe types of freshwater and saltwater bodies (e.g., lakes, rivers, wetlands, oceans). ( )  ( )  ( )  
Explain how water goes through phase changes (i.e., evaporation, condensation, freezing, and 
melting). 
( )  ( )  ( )  
Describe or compare lentic systems (i.e., ponds, lakes, and bays) and lotic systems (i.e., streams, 
creeks, and rivers). 
( )  ( )  ( )  
Explain the role and relationship of a watershed or a wetland on water sources (e.g., water storage, 
groundwater recharge, water filtration, water source, water cycle). 
( )  ( )  ( )  
Identify basic cloud types (i.e., cirrus, cumulus, stratus, and cumulonimbus) and make connections to 
basic elements of weather (e.g., changes in temperature, precipitation). 
( )  ( )  ( )  
Identify weather patterns from data charts or graphs of the data (e.g., temperature, wind direction, 
wind speed, cloud types, precipitation). 
( )  ( )  ( )  
Identify appropriate instruments (i.e., thermometer, rain gauge, weather vane, anemometer, and 
barometer) to study weather and what they measure. 
( )  ( )  ( )  
Describe motions of the Sun - Earth -Moon system. ( )  ( )  ( )  
Explain how the motion of the Sun - Earth - Moon system relates to time (e.g., days, months, years). ( )  ( )  ( )  
Describe the causes of seasonal change as they relate to the revolution of Earth and the tilt of Earth’s 
axis. 
( )  ( )  ( )  
 
 
 
	  	  
206 
Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on The Nature of Science is covered in your 5th grade SCIENCE 
lessons. 
 
In 
depth 
Some 
what 
Not  
at 
all 
Explain how certain questions can be answered through scientific inquiry and/or technological design 
(e.g., investigate to find out if all clay or foil boats designs react the same when filled with paperclips). 
( )  ( )  ( )  
Explain how observations and/or experimental results are used to support inferences and claims about 
an investigation or relationship (e.g., make a claim based on information on a graph). 
( )  ( )  ( )  
Describe how explanations, predictions, and models are developed using evidence. ( )  ( )  ( )  
Design a simple, controlled experiment (fair test) identifying the independent and dependent variables, 
how the dependent variable will be measured and which variables will be held constant (e.g., relate the 
effect of variables [mass, release height, length of string] to number of swings of a pendulum, 
investigate the relationships between variables in paper airplane designs). 
( )  ( )  ( )  
Describe relationships between variables through interpretation of data and observations (i.e., make 
predictions for the outcome of a controlled experiment using data tables and graphs). 
( )  ( )  ( )  
Describe the appropriate use of instruments and scales to accurately measure time, mass, distance, 
volume, and temperature safely under a variety of conditions (e.g., use a thermometer to observe and 
compare the interaction of food coloring in water at different temperatures). 
( )  ( )  ( )  
Explain how technology extends and enhances human abilities for specific purposes (e.g., use hand 
lens to examine crystals in evaporation dishes; use graduated cylinders to measure the amount of water 
used in a controlled plant experiment). 
( )  ( )  ( )  
Make predictions based on patterns in natural systems (e.g., phases of the Moon, time [day, month, and 
year], weather, seasons). 
( )  ( )  ( )  
Describe how models are used to better understand the relationships in natural systems (e.g., water 
cycle, Sun-Earth-Moon system, ecosystems, observe and draw a diagram to show the effects of 
flowing water in a watershed). 
( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Biological Sciences is covered in your 5th grade SCIENCE 
lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Recognize that all organisms are composed of cells. ( )  ( )  ( )  
Explain the concept of the cell as the basic structural unit of all living things. ( )  ( )  ( )  
Compare the structure and function of basic cell parts in organisms (i.e., plants and animals). ( )  ( )  ( )  
Differentiate between inherited and acquired traits (e.g., scars, injuries). ( )  ( )  ( )  
Explain how inherited traits help organisms survive and reproduce in different environments. ( )  ( )  ( )  
Explain how certain behaviors help organisms survive and reproduce in different environments. ( )  ( )  ( )  
Identify changes in environmental conditions that can affect the survival of populations and entire 
species. 
( )  ( )  ( )  
Describe the roles of producers, consumers, and decomposers within a local ecosystem. ( )  ( )  ( )  
Describe the relationships between organisms in different food webs. ( )  ( )  ( )  
Identify fossil fuels and alternative fuels used by humans. ( )  ( )  ( )  
Describe the usefulness of Earth’s physical resources as raw materials for the human-made world. ( )  ( )  ( )  
Explain how different items are recycled and reused. ( )  ( )  ( )  
 
Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Physical Sciences is covered in your 5th grade SCIENCE 
lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Identify characteristic properties of matter that are independent of mass and volume. ( )  ( )  ( )  
Differentiate between volume and mass. ( )  ( )  ( )  
Describe how water changes from one state to another. ( )  ( )  ( )  
Identify differences between chemical and physical changes of matter. ( )  ( )  ( )  
Describe how energy exists in many forms (e.g., electrical, mechanical, chemical, heat, light, sound) 
and can be transformed within a system. 
( )  ( )  ( )  
Describe how heat energy is usually a byproduct of an energy transformation. ( )  ( )  ( )  
Distinguish between kinetic and potential energy. ( )  ( )  ( )  
Explain how energy is conserved. ( )  ( )  ( )  
Differentiate between the mass and weight of an object. ( )  ( )  ( )  
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Explain how the mass of an object resists change to motion (inertia). ( )  ( )  ( )  
Recognize that moving electric charges produce magnetic forces and moving magnets produce electric 
forces (electromagnetism). 
( )  ( )  ( )  
Identify the variables within an electric current (i.e., voltage, current, and resistance). ( )  ( )  ( )  
 
 
Opportunity to Learn: Coverage of PA ST&EE Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Earth and Space Sciences is covered in your 5th grade 
SCIENCE lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Differentiate between abrupt changes in Earth’s surface (e.g., earthquakes, volcanoes, meteor impacts, 
landslides) and gradual changes in Earth’s surface (e.g., lifting up of mountains, wearing away by 
erosion). 
( )  ( )  ( )  
Explain how geological processes observed today (e.g., erosion, changes in he composition of the 
atmosphere, volcanic eruptions, earthquakes) are similar to those in the past. 
( )  ( )  ( )  
Identify physical, chemical, and biological factors that affect water quality. ( )  ( )  ( )  
Describe the importance of wetlands in an ecosystem. ( )  ( )  ( )  
Explain how the cycling of water into and out of the atmosphere impacts climatic patterns. ( )  ( )  ( )  
Explain the effects of oceans and lakes on climate. ( )  ( )  ( )  
Describe the patterns of Earth’s rotation and revolution in relation to the Sun and Moon (i.e., solar 
eclipse, phases of the Moon, and time). 
( )  ( )  ( )  
Compare the general characteristics of the inner planets of our solar system (i.e., size, orbital path, 
surface characteristics, and moons). 
( )  ( )  ( )  
 
Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Numbers and Operations in Base Ten is covered in your 4th grade 
MATH lessons. 
 
In 
depth 
Some 
what 
Not  
at 
all 
Demonstrate an understanding that in a multi-digit whole number (through 1,000,000), a digit in one 
place represents ten times what it represents in the place to its right. Example: Recognize that in the 
number 770, the 7 in the hundreds place is ten times the 7 in the tens place. 
( )  ( )  ( )  
Read and write whole numbers in expanded, standard, and word form through 1,000,000. ( )  ( )  ( )  
	  	  
209 
Compare two multi-digit numbers through 1,000,000 based on meanings of the digits in each place, 
using >, =, and < symbols. 
( )  ( )  ( )  
Round multi-digit whole numbers (through1,000,000) to any place. ( )  ( )  ( )  
Add and subtract multi-digit whole numbers (limit sums and subtrahends up to and including 
1,000,000). 
( )  ( )  ( )  
Multiply a whole number of up to four digits by a one-digit whole number and multiply 2 two-digit 
numbers. 
( )  ( )  ( )  
Divide up to four-digit dividends by one-digit divisors with answers written as whole-number 
quotients and remainders. 
( )  ( )  ( )  
Estimate the answer to addition, subtraction, and multiplication problems using whole numbers 
through six digits (for multiplication, no more than 2 digits x 1 digit, excluding powers of 10). 
( )  ( )  ( )  
 
 
Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Numbers and Operations-- Fractions is covered in your 4th grade 
MATH lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Recognize and generate equivalent fractions. ( )  ( )  ( )  
Compare two fractions with different numerators and different denominators (denominators limited to 
2, 3, 4, 5, 6, 8, 10, 12, and 100) using the symbols >, =, or < and justify the conclusions. 
( )  ( )  ( )  
Add and subtract fractions with a common denominator (denominators limited to 2, 3, 4, 5, 6, 8, 10, 12, 
and 100; answers do not need to be simplified; and no improper fractions as the final answer). 
( )  ( )  ( )  
Decompose a fraction or a mixed number into a sum of fractions with the same denominator 
(denominators limited to 2, 3, 4, 5, 6, 8, 10, 12, and 100), recording the decomposition by an equation. 
Justify decompositions (e.g., by using a visual fraction model). 
( )  ( )  ( )  
Add and subtract mixed numbers with a common denominator (denominators limited to 2, 3, 4, 5, 6, 8, 
10, 12, and 100; no regrouping with subtraction; fractions do not need to be simplified; and no improper 
fractions as the final answers). 
( )  ( )  ( )  
Solve word problems involving addition and subtraction of fractions referring to the same whole or set 
and having like denominators (denominators limited to 2, 3, 4, 5, 6, 8, 10, 12, and 100). 
( )  ( )  ( )  
Multiply a whole number by a unit fraction (denominators limited to 2, 3, 4, 5, 6, 8, 10, 12, and 100 and 
final answers do not need to be simplified or written as a mixed number).  
( )  ( )  ( )  
Multiply a whole number by a non-unit fraction (denominators limited to 2, 3, 4, 5, 6, 8, 10, 12, and 
100 and final answers do not need to be simplified or written as a mixed number).  
( )  ( )  ( )  
Solve word problems involving multiplication of a whole number by a fraction (denominators limited 
to 2, 3, 4, 5, 6, 8, 10, 12, and 100). 
( )  ( )  ( )  
Add two fractions with respective denominators 10 and 100. ( )  ( )  ( )  
Use decimal notation for fractions with denominators 10 or 100.  ( )  ( )  ( )  
Compare two decimals to hundredths using the symbols >, =, or  ( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Operations and Algebraic Thinking is covered in your 4th grade 
MATH lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Interpret a multiplication equation as a comparison. Represent verbal statements of multiplicative 
comparisons as multiplication equations.  
( )  ( )  ( )  
Multiply or divide to solve word problems involving multiplicative comparison, distinguishing 
multiplicative comparison from additive comparison.  
( )  ( )  ( )  
Solve multi-step word problems posed with whole numbers using the four operations. Answers will be 
either whole numbers or have remainders that must be interpreted yielding a final answer that is a whole 
number. Represent these problems using equations with a symbol or letter standing for the unknown 
quantity. 
( )  ( )  ( )  
Identify the missing symbol (+, –, x, ÷, =, ) that makes a number sentence true (single-digit divisor 
only). 
( )  ( )  ( )  
Find all factor pairs for a whole number in the interval 1 through 100. Recognize that a whole number is 
a multiple of each of its factors. Determine whether a given whole number in the interval 1 through 100 
is a multiple of a given one-digit number. Determine whether a given whole number in the interval 1 
through 100 is prime or composite. 
( )  ( )  ( )  
Generate a number or shape pattern that follows a given rule. Identify apparent features of the pattern 
that were not explicit in the rule itself.  
( )  ( )  ( )  
Determine the missing elements in a function table (limit to +, –, or x and to whole numbers or money). ( )  ( )  ( )  
Determine the rule for a function given a table (limit to +, –, or x and to whole numbers). ( )  ( )  ( )  
 
 
  
	  	  
211 
Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Geometry is covered in your 4th grade MATH lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Draw points, lines, line segments, rays, angles (right, acute, and obtuse), and perpendicular and parallel 
lines. Identify these in two-dimensional figures. 
( )  ( )  ( )  
Classify two-dimensional figures based on the presence or absence of parallel or perpendicular lines or 
the presence or absence of angles of a specified size. Recognize right triangles as a category, and 
identify right triangles. 
( )  ( )  ( )  
Recognize a line of symmetry for a two-dimensional figure as a line across the figure such that the 
figure can be folded along the line into mirroring parts. Identify line-symmetric figures and draw lines 
of symmetry (up to two lines of symmetry). 
( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" is one of the following answers ("4th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Measurement and Data is covered in your 4th grade MATH 
lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Know relative sizes of measurement units within one system of units including standard units (in., ft, 
yd, mi; oz., lb; and c, pt, qt, gal), metric units (cm, m, km; g, kg; and mL, L), and time (sec, min, hr, 
day, wk, mo, and yr). Within a single system of measurement, express measurements in a larger unit in 
terms of a smaller unit. A table of equivalencies will be provided.  
( )  ( )  ( )  
Use the four operations to solve word problems involving distances, intervals of time (such as elapsed 
time), liquid volumes, masses of objects; money, including problems involving simple fractions or 
decimals; and problems that require expressing measurements given in a larger unit in terms of a 
smaller unit. 
( )  ( )  ( )  
Apply the area and perimeter formulas for rectangles in real-world and mathematical problems (may 
include finding a missing side length). Whole numbers only. The formulas will be provided. 
( )  ( )  ( )  
Identify time (analog or digital) as the amount of minutes before or after the hour.  ( )  ( )  ( )  
Make a line plot to display a data set of measurements in fractions of a unit (e.g., intervals of 1/2, 1/4, or 
1/8). 
( )  ( )  ( )  
Solve problems involving addition and subtraction of fractions by using information presented in line 
plots (line plots must be labeled with common denominators, such as 1/4, 2/4, 3/4). 
( )  ( )  ( )  
Translate information from one type of display to another (table, chart, bar graph, or pictograph). ( )  ( )  ( )  
Measure angles in whole-number degrees using a protractor. With the aid of a protractor, sketch angles 
of specified measure. 
( )  ( )  ( )  
Solve addition and subtraction problems to find unknown angles on a diagram in real-world and 
mathematical problems. (Angles must be adjacent and non-overlapping.) 
( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" #4 is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Numbers and Operations in Base Ten is covered in your 5th grade 
MATH lessons. 
 
In 
depth 
Some 
what 
Not  
at all 
Demonstrate an understanding that in a multi-digit number, a digit in one place represents 1/10 of 
what it represents in the place to its left.  
( )  ( )  ( )  
Explain patterns in the number of zeros of the product when multiplying a number by powers of 10 
and explain patterns in the placement of the decimal point when a decimal is multiplied or divided 
by a power of 10. Use whole-number exponents to denote powers of 10.  
( )  ( )  ( )  
Read and write decimals to thousandths using base-ten numerals, word form, and expanded form.  ( )  ( )  ( )  
Compare two decimals to thousandths based on meanings of the digits in each place using >, =, and 
< symbols. 
( )  ( )  ( )  
Round decimals to any place (limit rounding to ones, tenths, hundredths, or thousandths place). ( )  ( )  ( )  
Multiply multi-digit whole numbers (not to exceed three-digit by three-digit). ( )  ( )  ( )  
Find whole-number quotients of whole numbers with up to four-digit dividends and two-digit 
divisors. 
( )  ( )  ( )  
Add, subtract, multiply, and divide decimals to hundredths (no divisors with decimals). ( )  ( )  ( )  
 
Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" #4 is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Numbers and Operations-- Fractions is covered in your 5th 
grade MATH lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Add and subtract fractions (including mixed numbers) with unlike denominators. (May include 
multiple methods and representations.) 
( )  ( )  ( )  
Solve word problems involving division of whole numbers leading to answers in the form of fractions 
(including mixed numbers). 
( )  ( )  ( )  
Multiply a fraction (including mixed numbers) by a fraction. ( )  ( )  ( )  
Demonstrate an understanding of multiplication as scaling (resizing). ( )  ( )  ( )  
Divide unit fractions by whole numbers and whole numbers by unit fractions. ( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" #4 is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Operations and Algebraic Thinking is covered in your 5th 
grade MATH lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Use multiple grouping symbols (parentheses, brackets, or braces) in numerical expressions and 
evaluate expressions containing these symbols. 
( )  ( )  ( )  
Write simple expressions that model calculations with numbers and interpret numerical expressions 
without evaluating them. 
( )  ( )  ( )  
Generate two numerical patterns using two given rules. ( )  ( )  ( )  
Identify apparent relationships between corresponding terms of two patterns with the same starting 
numbers that follow different rules. 
( )  ( )  ( )  
 
Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" #4 is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Geometry is covered in your 5th grade MATH lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Identify parts of the coordinate plane (x-axis, y-axis, and the origin) and the ordered pair (x-coordinate 
and y-coordinate). Limit the coordinate plane to quadrant I. 
( )  ( )  ( )  
Represent real-world and mathematical problems by plotting points in quadrant I of the coordinate 
plane and interpret coordinate values of points in the context of the situation. 
( )  ( )  ( )  
Classify two-dimensional figures in a hierarchy based on properties. ( )  ( )  ( )  
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Opportunity to Learn: Coverage of PA CORE Math Eligible Content 
 
Logic: Hidden unless: Question "What grade do you teach?" #4 is one of the following answers ("5th") 
 
DIRECTIONS: 
For each of the following statements of eligible content, please indicate the extent to which you include it in your 
instruction. 
There are no "right" or "wrong" answers. 
The only correct responses are those that are true for you. 
 
Select the extent to which the following content on Measurement and Data is covered in your 5th grade MATH 
lessons. 
 In depth 
Some 
what 
Not  
at 
all 
Convert between different-sized measurement units within a given measurement system. A table of 
equivalencies will be provided. 
( )  ( )  ( )  
Solve problems involving computation of fractions by using information presented in line plots. ( )  ( )  ( )  
Display and interpret data shown in tallies, tables, charts, pictographs, bar graphs, and line graphs, and 
use a title, appropriate scale, and labels. A grid will be provided to display data on bar graphs or line 
graphs. 
( )  ( )  ( )  
Apply the formulas V = l x w x h and V = B x h for rectangular prisms to find volumes of right 
rectangular prisms with whole-number edge lengths in the context of solving real-world and 
mathematical problems. Formulas will be provided. 
( )  ( )  ( )  
Find volumes of solid figures composed of two non-overlapping right rectangular prisms. ( )  ( )  ( )  
 
 
 
Survey Participation Reflection 
How has participating in this study changed your awareness of STEM education?  Please 
elaborate.  If completing this survey has not changed your awareness indicate n/a. 
 
 
 
 
Thank You! 
Thank you for taking the T-STEM-EL survey! 
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Appendix B 
Informed Consent for T-STEM-EL 
 
WHAT IS THE TITLE OF THE STUDY? 
Making the Case for STEM Integration at the Upper Elementary Level: A Mixed Methods 
Exploration of Opportunity to Learn Math and Science, Teachers’ Efficacy and Students’ Attitudes  
 
WHAT IS THE PURPOSE OF THE STUDY? 
The purpose of this study is to better understand upper elementary teachers’ and students’ 
attitudes toward science, technology, engineering, & math (STEM).   
 
HOW MANY PEOPLE ARE BEING ASKED TO PARTICIPATE? 
To fulfill the purpose, the study involves three data sources from the 4th and 5th grade level: 
teacher surveys, teacher interviews, and student surveys.  We are asking 15 teachers and 
about 365 students to participate. 
 
WHO IS DOING THE STUDY? 
The researcher in charge of this study is Brianna Miller, a doctoral candidate at Drexel 
University and chemistry teacher at Middletown Area High School.  She is under the 
supervision of Dr. Bruce Levine, Associate Clinical Professor in the School of Education at 
Drexel University.   
 
WHAT WILL I BE ASKED TO DO? 
You will be asked to complete a survey about your attitudes toward STEM.  The survey is 
called Teacher Attitudes toward STEM Survey: Upper Elementary (4th- 5th grades) or T-
STEM-EL.  If you agree to participate, you will answer agree/disagree style questions based 
on your opinion.  In the weeks following the survey, you may be invited, via email, to be 
interviewed.  Even if you chose to complete this survey, you are not obliged to be 
interviewed. 
   
HOW LONG WILL THE SURVEY LAST? 
The survey will be completed online and will take you about 30 minutes.  A link to the 
survey, hosted by SurveyGizmo, will be sent to your District email upon receipt of your 
signed consent. 
 
WILL I BE PAID FOR MY PARTICIPATION? 
Yes.  To thank you for your time, you will be given a $10 VISA gift card.  VISA gift cards 
will be delivered to your school secretary on Friday, May 8, 2015.  You will be sent an email 
notifying you of gift card delivery.  The gift cards are self-funded entirely by the researcher, 
Brianna Miller, and not by the District or Drexel University.  Your payment is not contingent 
on you answering every question on the survey. 
 
WHO WILL SEE MY SURVEY RESPONSES? 
Only the researchers Brianna Miller and Bruce Levine will see your survey responses; they 
will be kept confidential.  Your email will be used only to determine your participation in 
taking the survey so that you may be awarded a gift card.  Neither your name nor email will 
be connected to any findings as the study aims to determine relationships, not to evaluate 
individuals.  The findings, however, will be shared with the District.  You may request to see 
the findings by contacting the researchers- we are happy to share them with you! 
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DO I HAVE TO TAKE THE SURVEY? 
No.  It is completely fine for you to take the survey or not. No one will treat you differently 
either way.  If you do not want to take the survey, simply do not sign and return this consent 
form to the researchers.   
 
CAN I WITHDRAW FROM THE STUDY? 
Even if you consent to take the survey, you can change your mind later and not take it.  If you 
choose to participate, but do not want to answer certain questions, that is okay.  If you choose 
at any time to stop, you can stop.  No one will treat you differently either way. 
 
WHAT ARE THE POSSIBLE RISKS? 
There are no apparent risks in your completing this survey. 
 
WHAT ARE THE POSSIBLE BENEFITS? 
The expected benefits are a better understanding of the relationships between teachers’ and 
students’ attitudes toward STEM at the upper elementary level.   
 
WHAT IF I HAVE QUESTIONS ABOUT THE STUDY? 
If you have questions about the research or survey, please contact the researchers: Brianna 
Miller at 717.512.3085 or email bm594@drexel.edu or Bruce Levine at 215.571.3960 or 
email bl63@drexel.edu.  The entire research study is expected to be complete in August 
2015.  We will happily share our findings with you upon request.  If you have any questions 
about your rights as a participant, please contact Drexel’s Institutional Review Board at 
215.255.7857 or email HRPP@drexel.edu. 
 
If you would like to participate, please sign, date, and print your name below.  Your signature 
documents your consent to take part in this research.  Send the completed form via interoffice 
mail to Brianna Miller at MAHS.  Once your consent is received, an email will be sent to you 
with an embedded link to the survey.   
 
 
_____________________________________________________ 
Participant’s Signature     Date 
 
_____________________________________________________ 
Participant’s Printed Name 
 
 
 
_____________________________________________________ 
Printed name of person obtaining consent  
 
_____________________________________________________ 
Signature of person obtaining consent  Date 
 
 
 
	  	  
218 
Appendix C 
Student Attitudes toward STEM Survey:  
Upper Elementary (4th −5th grades) or S-STEM-EL 
 
 
 
DIRECTIONS: 
 
There are lists of statements on the following pages. Please mark your answer sheets by 
marking how you feel about each statement.  
 
First:  As you read the statement, think about your life and how you feel.  
 Do you agree or disagree with the statement when you think about yourself?  
 How strongly do you agree or disagree? 
 
Second:  Fill in the circle that best describes how you feel. 
 
There are no "right" or "wrong" answers!  How you feel is the best answer. 
 
 
PLEASE FILL IN ONLY ONE ANSWER PER QUESTION. 
 
 
Example Strongly Agree Agree Disagree Strongly Disagree 
I like engineering.  ¢ ¢ ¢ ¢ 
 	    
	  	  
219 
	  
 
  
MATH Strongly Agree Agree Disagree 
Strongly 
Disagree 
1. I know I can do well in math. ¢ ¢ ¢ ¢ 
2. I might choose a job that uses math. ¢ ¢ ¢ ¢ 
3. I can understand most subjects easily, but math 
is hard for me. ¢ ¢ ¢ ¢ 
4. When I am older, knowing math will help me 
earn money. ¢ ¢ ¢ ¢ 
5. I feel good about myself when I do math. ¢ ¢ ¢ ¢ 
6. Math is not important to my future career. ¢ ¢ ¢ ¢ 
7. In the future, I could do harder math problems. ¢ ¢ ¢ ¢ 
8. After I finish high school, I won’t use math 
often. ¢ ¢ ¢ ¢ 
9. I am not good at math. ¢ ¢ ¢ ¢ 
10. When I’m older, I will need to understand math 
for my job. ¢ ¢ ¢ ¢ 
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SCIENCE Strongly Agree Agree Disagree 
Strongly 
Disagree 
11. I know I can do well in science. ¢ ¢ ¢ ¢ 
12. I might choose a job that uses science. ¢ ¢ ¢ ¢ 
13. I can understand most subjects easily, but 
science is hard for me. ¢ ¢ ¢ ¢ 
14. When I am older, knowing science will help me 
earn money. ¢ ¢ ¢ ¢ 
15. I feel good about myself when I do science. ¢ ¢ ¢ ¢ 
16. Science is not important to my future career. ¢ ¢ ¢ ¢ 
17. In the future, I could do harder science 
problems. ¢ ¢ ¢ ¢ 
18. After I finish high school, I won’t use science 
often. ¢ ¢ ¢ ¢ 
19. I am not good at science. ¢ ¢ ¢ ¢ 
20. When I’m older, I will need to understand 
science for my job. ¢ ¢ ¢ ¢ 
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Engineers	  use	  math	  and	  science	  to	  invent	  things	  and	  solve	  problems.	  	  Engineers	  design	  and	  improve	  things	  like	  bridges,	  cars,	  machines,	  foods,	  and	  computer	  games.	  	  	  
	  
Technologists	  build,	  test,	  and	  maintain	  (or	  take	  care	  of)	  the	  designs	  that	  engineers	  create.	  
	  
	   	  
ENGINEERING & 
TECHNOLOGY 
Strongly 
Agree Agree Disagree 
Strongly 
Disagree 
21. I like to imagine making new products. ¢ ¢ ¢ ¢ 
22. If I learn engineering, then I can improve 
things that people use every day. ¢ ¢ ¢ ¢ 
23. I am good at building or fixing things. ¢ ¢ ¢ ¢ 
24. I am interested in what makes machines 
work. ¢ ¢ ¢ ¢ 
25. Designing products or structures will be 
important in my future job. ¢ ¢ ¢ ¢ 
26. I am curious about how electronics work. ¢ ¢ ¢ ¢ 
27. I want to be creative in my future jobs. ¢ ¢ ¢ ¢ 
28. Knowing how to use math and science 
together will help me to invent useful 
things. 
¢ ¢ ¢ ¢ 
29. I believe I can be successful in engineering. ¢ ¢ ¢ ¢ 
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21ST CENTURY 
LEARNING 
Strongly 
Agree Agree Disagree 
Strongly 
Disagree 
30. I can lead others to reach a goal. ¢ ¢ ¢ ¢ 
31. I like to help others do their best. ¢ ¢ ¢ ¢ 
32. In school and at home, I can do things well. ¢ ¢ ¢ ¢ 
33. I respect all children my age even if they 
are different from me. ¢ ¢ ¢ ¢ 
34. I try to help other children my age. ¢ ¢ ¢ ¢ 
35. When I make decisions, I think about what 
is good for other people. ¢ ¢ ¢ ¢ 
36. When things do not go how I want, I can 
change my actions for the better. ¢ ¢ ¢ ¢ 
37. I can make my own goals for learning. ¢ ¢ ¢ ¢ 
38. I can use time wisely when working on my 
own. ¢ ¢ ¢ ¢ 
39. When I have a lot of homework, I can 
choose what needs to be done first. ¢ ¢ ¢ ¢ 
40. I can work well with all students, even if 
they are different from me. ¢ ¢ ¢ ¢ 
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Below is a list of types of work that you could do when you are older.  As you read about 
each type of work, you will know if you think that work is interesting.  Fill in the circle 
under the words that describe how interested you are in doing that when you are older.  
There are no “right” or “wrong” answers.  
The only correct responses are those true for you. 	   	  
YOUR FUTURE Very interested  Somewhat interested Not very interested 
1. Physics: People study motion, gravity and what 
things are made of. They also study energy, like how 
a swinging bat can make a baseball switch 
directions. They study how different liquids, solids 
and gas can be turned into heat or electricity.  
¢ ¢ ¢ 
2. Environmental Work: People study how nature 
works. They study how waste and pollution affect 
the environment. They also invent solutions to these 
problems. 
¢ ¢ ¢ 
3. Biology: People work with animals and plants and 
how they live. They also study farm animals and the 
food that they make, like milk. They can use what 
they know to invent products for people to use. 
¢ ¢ ¢ 
4. Veterinary Work: People who prevent disease in 
animals. They give medicines to help animals help 
animals get better and for animal and human safety.  
¢ ¢ ¢ 
5. Mathematics: People use math and computers to 
solve problems. They use it to make decisions in 
businesses and government. They use numbers to 
understand why different things happen. 
¢ ¢ ¢ 
6. Medicine: People learn how the human body works. 
They decide why someone is sick or hurt and give 
medicines to help the person get better.  They teach 
people about health, and sometimes they perform 
surgery. 
¢ ¢ ¢ 
7. Earth Science: People work with the air, water, 
rocks and soil. Some tell us if there is pollution and 
how to make the earth safer and cleaner.  Other earth 
scientists forecast the weather. 
¢ ¢ ¢ 
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YOUR FUTURE Very interested Somewhat interested Not very interested 
8. Computer Science: People write instructions to run 
a program that a computer can follow. They design 
computer games and other programs.  They also fix 
and improve computers for other people. 
¢ ¢ ¢ 
9. Medical Science: People study human diseases and 
work to find answers to human health problems. ¢ ¢ ¢ 
10. Chemistry: People work with chemicals. They 
invent new chemicals and use them to make new 
products, like paints, medicine, and plastic, 
¢ ¢ ¢ 
11. Energy/Electricity: People invent, improve and 
maintain ways to make electricity or heat.  They also 
design the electrical and other power systems in 
buildings and machines. 
¢ ¢ ¢ 
12. Engineering: People use science, math and 
computers to build different products (everything 
from airplanes to toothbrushes).  Engineers make 
new products and keep them working.  
¢ ¢ ¢ 
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1. What grade are you in? 
 
¢  4th           ¢  5th  
 
2. How old are you? 
 
¢  8             ¢  9             ¢  10             ¢  11             ¢  12  
 
3. What is your gender? 
 
¢  girl          ¢  boy  
 
4. Does your family have a computer at home? 
 
¢  yes         ¢  no 
 
 
 
Thank you for taking this survey! 
ABOUT YOURSELF Very Well OK Not Very Well 
1. How well do you expect to do this year in your 
English/Language Arts class? ¢ ¢ ¢ 
2. How well do you expect to do this year in your  
Math class? ¢ ¢ ¢ 
3. How well do you expect to do this year in your  
Science class? ¢ ¢ ¢ 
 Yes No 
1. Do you plan to go to college? ¢ ¢ 
2. Do you plan to take advanced math or science classes in 
future years in school? ¢ ¢ 
3. Do you know any adults who work as scientists? ¢ ¢ 
4. Do you know any adults who work as engineers? ¢ ¢ 
5. Do you know any adults who work as mathematicians? ¢ ¢ 
6. Do you know any adults who work as technologists? ¢ ¢ 
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Appendix D 
Parent or Guardian Information Letter for S-STEM-EL Recruitment 
 
April 13, 2015 
 
Dear Parent or Guardian of MASD 4th and 5th grade students, 
 
As a part of your child’s science and math class, we will be conducting a research study giving your child 
an opportunity to reflect on his/her feelings toward STEM subjects and careers.  STEM stands for science, 
technology, engineering, and math.  The Middletown Area School District has a vision “for all students to 
graduate equipped with the knowledge and skills that will enable them to thrive in a rapidly changing 
world.”  We believe that positive feelings about STEM are important to this end.  The findings of our study 
will provide insight into the influences on elementary students’ attitudes toward STEM. 
 
Middletown Area High School chemistry teacher of 11 years, Brianna Miller, is conducting the study for 
her doctoral work.  She is under the supervision of Dr. Bruce Levine, the Program Director of Educational 
Policy at Drexel University.  The purpose of the study is to explore the influences on students’ feelings 
about STEM subjects and careers.  The goal of the study is to provide teachers, administrators, and 
policymakers with information on how to improve students’ appreciation of STEM. 
 
Dr. Lori Suski, the superintendent; Mr. Shaffer, Dr. Hunter, and Mr. Bright, the three elementary 
principals; and the School Board grant us permission and support for our study.  Our study involves 
surveying 4th and 5th grade students and teachers.  The survey your child will take is called Student 
Attitudes toward STEM Survey: Upper Elementary or S-STEM-EL.  The survey is attached for your review.  
The survey will be given during the school day.  It will take about 20 minutes to complete.   
 
Survey Date: Wednesday, May 13, 2015 
 
Today you were emailed a letter similar to this one at the email address you provided to the District, if 
applicable.  Attached to that email are three documents: the Parent or Guardian Informed Consent, the S-
STEM-EL survey, and the Child Assent form.  Should you not receive these documents and wish to review 
them, please contact the researchers below.  To grant your child permission to participate, do nothing. 
Please keep in mind, that even if you grant your permission, whether your child takes the survey is entirely 
up to him or her.  The day the survey is given, your child will need to agree on the Child Assent form.   
 
 
To remove your child from the study, simply contact the researchers by Monday, May 11, 2015 and your 
child will not be asked to complete the survey.  You may also contact the researchers if you have questions 
or concerns:     
     Brianna Miller at 717.512.3085 or email bm594@drexel.edu 
     Bruce Levine at 215.571.3960 or email bl63@drexel.edu 
 
 
Thank you and take care, 
 
 
Brianna M. Miller 
Doctoral Candidate 
Drexel University 
bm594@drexel.edu  
Chemistry & Forensic Science Teacher 
Middletown Area High School 
1155 North Union Street 
Middletown, PA 17057 
bmiller@raiderweb.org  
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Appendix E 
Informed Consent for S-STEM-EL 
 
WHAT IS THE TITLE OF THE STUDY? 
Making the Case for STEM Integration at the Upper Elementary Level: A Mixed 
Methods Exploration of Opportunity to Learn Math and Science, Teachers’ Efficacy and 
Students’ Attitudes  
 
WHAT IS THE PURPOSE OF THE STUDY? 
The purpose of this study is to better understand upper elementary teachers’ and students’ 
attitudes toward science, technology, engineering, & math (STEM).   
 
HOW MANY PEOPLE ARE BEING ASKED TO PARTICIPATE? 
To fulfill the purpose, the study involves three data sources from the 4th and 5th grade 
level: teacher surveys, teacher interviews, and student surveys.  We are asking 15 
teachers and about 365 students to participate. 
 
WHO IS DOING THE STUDY? 
The researcher in charge of this study is Brianna Miller, a doctoral candidate at Drexel 
University and chemistry teacher at Middletown Area High School.  She is under the 
supervision of Dr. Bruce Levine, Associate Clinical Professor in the School of Education 
at Drexel University.   
 
WHAT WILL YOUR CHILD BE ASKED TO DO? 
Your child will be asked to complete a survey about his/her attitudes toward STEM.  The 
survey is called Student Attitudes toward STEM Survey: Upper Elementary (4th- 5th 
grades) or S-STEM-EL.  If you and your child agree to participate, your child will answer 
agree/disagree style questions based on his/her opinion. 
   
HOW LONG WILL THE SURVEY LAST? 
The survey will be given during the school day and will take about 20 minutes for your 
child to complete. 
 
WHO WILL SEE THE SURVEY RESPONSES? 
No identifying information will be asked of your child.  His or her responses will be 
completely anonymous.  Only the researchers Brianna Miller and Bruce Levine will see 
survey responses for the 4th and 5th grade MASD students who participate.  The responses 
will be kept confidential.  The findings, however, will be shared with the District.  You 
may request to see the findings by contacting the researchers- we are happy to share them 
with you! 
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DOES YOUR CHILD HAVE TO TAKE THE SURVEY? 
No.  It is completely fine for your child to take the survey or not.  It is up to you and him 
or her.  No one will treat you or your child differently either way.  If you do not want 
your child to take the survey, contact one of the researchers: Brianna Miller at 
717.512.3085 or email bm594@drexel.edu or Bruce Levine at 215.571.3960 or email 
bl63@drexel.edu and your child will not be asked to participate. 
 
CAN YOUR CHILD WITHDRAW FROM THE STUDY? 
Even if you consent and your child chooses to take the survey, your child can chose to 
stop taking the survey anytime.  If your child does not want to answer certain questions, 
that is ok.  No one will treat your child differently either way.   
 
WHAT ARE THE POSSIBLE RISKS? 
There are no apparent risks in your child completing this survey. 
 
WHAT ARE THE POSSIBLE BENEFITS? 
The expected benefits are a better understanding of the relationships between teachers’ 
and students’ attitudes toward STEM at the upper elementary level.   
 
WHAT IF YOU/YOUR CHILD HAVE QUESTIONS ABOUT THE STUDY OR SURVEY? 
If you or your child has questions about the research or survey, please contact the 
researchers: Brianna Miller at 717.512.3085 or email bm594@drexel.edu or Bruce 
Levine at 215.571.3960 or email bl63@drexel.edu.  The entire research study is expected 
to be complete in August 2015.  We will happily share our findings with you upon 
request.  If you have any questions about your child’s rights as a participant, please 
contact Drexel’s Institutional Review Board at 215.255.7857 or email HRPP@drexel.edu 
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Appendix F 
Child Assent for S-STEM-EL 
 
You are being asked to help in a research study.  We are doing this study to learn about 
science and math in elementary schools. We are asking you to help because we don’t 
know very much about how kids your age feel about science and math.  Your teachers, 
parents, and principal already said that it is okay for you to help.   
 
If you agree to help, you will answer some questions about science and math.  The 
questions are only about what you think. There are no right or wrong answers since this is 
not a test.  If you choose to answer our questions, but do not want to answer certain ones, 
that is okay.  If you choose at any time to stop, you can stop.  You will not put your name 
on the survey so your answers will be private.   Only the researchers doing the study will 
see your answers. 
 
You can ask the researcher questions at any time. You may also contact the researchers 
later if you have questions or concerns:  
Brianna Miller at 717.512.3085 or email bm594@drexel.edu 
Bruce Levine at 215.571.3960 or email bl63@drexel.edu 
 
If you sign this paper, it means you have read it and want to be in the study.  If you don’t 
want to be in the study, don’t sign this paper. Being in the study is up to you, and no one 
will be upset if you don’t sign this paper or if you change your mind later. 
 
Child’s Assent:   
I have been told about the study.  I know why the study is being done.  I know what to do 
in the study.  I also know that I do not have to be in the study if I do not want to.  If I have 
questions, I can ask my teacher or contact the researchers.  I know that I can stop at any 
time. 
 
_____________________________________________________ 
Printed name of child    
 
_____________________________________________________ 
Signature of child or legally authorized representative Date 
 
 
_____________________________________________________ 
Printed name of person obtaining assent  
 
_____________________________________________________ 
Signature of person obtaining assent   Date 
 
List of Individuals Authorized to Obtain Assent 
Name Title Day Phone # 24-hour phone # 
Brianna Miller Co-Investigator 717.948.3333 ext. 6212  717.512.3085 
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Appendix G 
Interview Protocol: 
Elementary Teachers’ Perceptions of the Influences on Students’ Attitudes toward STEM 
(ETP) 
 
Researcher/Interviewer:  
Brianna M. Miller  
 
Purpose of Interviews:  
To expand upon information obtained from administration of T-STEM-EL and S-STEM-
EL survey instruments.  
 
Format:  
Semi-structured one-on-one interview 
 
Date:  
May-June 2015 
 
Time & Duration:  
After school, approximately one hour (e.g. 4-5 pm) 
 
Location: 
Elementary teachers’ classrooms 
 
Interviewees:  
Six; random sample of three among the five most experienced upper elementary teachers 
and random sample of three among the five least experienced upper elementary teachers. 
 
Procedure: 
1. Participants will be reminded of the anticipated amount of time required to complete 
the interview: approximately an hour.  Participants will be reminded that they may stop 
the interview at any time.   
2. Participants will be informed that the interview will be recorded for transcribing and 
data analysis.  In transcribing the interviews and reporting findings, the researcher will 
assign a pseudonym for each participant.  In accordance with Drexel University policy, 
data will be kept as an electronic file on a password-protected laptop for three years, after 
which point, the recordings and all data will be deleted.   
3. The Statement of Informed Consent previously signed by participants will be reviewed 
prior to beginning the interview. 
4.  Participants will be given a printed copy of the prompts to reference during the 
interview. 
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OPENING: 
So you are/have been a __th grade teacher for ____ years.  Have you always worked in this District? 
 
 
PROMPTS: 
 
1a.  What is your perspective on the importance of teaching Math compared to other subjects in the 21st 
century? 
1b.  What influenced your perspective?  
1c.  How do you think your perspective influences your students? 
 
2a.  What is your perspective on the importance of teaching Science compared to other subjects in the 
21st century? 
2b.  What influenced your perspective?  
2c.  How do you think your perspective influences your students? 
 
3a.  How does the amount of time you actually spend on Science compare to what’s expected and what 
influences the amount of time you spend? 
3b.  Describe a typical Science lesson/ activity. 
3c.  To what extent do you include real-world applications of Science? 
 
4a.  How does the amount of time you actually spend on Math compare to what’s expected and what 
influences the amount of time you spend? 
4b.  Describe a typical Math lesson/ activity. 
4c.  To what extent do you include real-world applications of Math? 
 
5a.  What is your awareness of the PA’s Core Math Standards? 
5b.  How prepared did you feel to teach the Core Math Standards? 
5c.  How are the Core Math Standards an improvement compared to the previous math standards? 
5d.  How have the Core Math Standards changed the way you teach math? 
 
6a.  What is your awareness of PA’s Science & Technology Standards (ST) and Environment & Ecology 
Standards (EE)? 
6b.  How prepared did you feel teaching the ST and EE Standards? 
6c.  Based on your experience with the implementation of national math standards- the Common Core 
State Standards for Math this year, how would you feel if national science standards, the Next 
Generation Science Standards (NGSS) were implemented?  Are you familiar with those? 
7.  To what extent does your teaching of science overlap with math or vice-versa?  
 
8a.  How do you integrate the Career, Education, and Work (CEW) Standards? 
8b.  Based on your observations, which 3 STEM-related careers interest students:  
Physics, Environmental Work, Biology, Veterinary Work, Mathematics, Medicine, Earth Science, 
Computer Science, Medical Science, Chemistry, Energy/Electricity, and/or Engineering 
 
9a.  Based on your observations, how confident are your students in Math?   
9b.  Based on your observations, do your students’ believe Math is useful?   
9c. What strategies do you use to develop students’ (+) attitudes toward Math? 
 
 
10a.  Based on your observations, how confident are your students in Science?   
10b.  Based on your observations, do your students’ believe Science is useful?   
10c.  What strategies do you use to develop students’ (+) attitudes toward Science? 
 
 
CLOSING: 
Anything you would like to share regarding the surveys, the interview, or the nature of STEM? 
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Appendix H 
Informed Consent for ETP Interview 
 
WHAT IS THE TITLE OF THE STUDY? 
Making the Case for STEM Integration at the Upper Elementary Level: A Mixed 
Methods Exploration of Opportunity to Learn Math and Science, Teachers’ Efficacy and 
Students’ Attitudes  
 
WHAT IS THE PURPOSE OF THE STUDY? 
The purpose of this study is to better understand upper elementary teachers’ and students’ 
attitudes toward science, technology, engineering, & math (STEM).  To fulfill the 
purpose, the study involves three data sources from the 4th and 5th grade level: teacher 
surveys, teacher interviews, and student surveys. 
 
HOW MANY PEOPLE ARE BEING ASKED TO PARTICIPATE? 
To fulfill the purpose, the study involves three data sources from the 4th and 5th grade 
level: teacher surveys, teacher interviews, and student surveys.  We are asking 15 
teachers and about 365 students to participate. 
 
WHO IS DOING THE STUDY? 
The researcher in charge of this study is Brianna Miller, a doctoral candidate at Drexel 
University and chemistry teacher at Middletown Area High School.  She is under the 
supervision of Dr. Bruce Levine, Associate Clinical Professor in the School of Education 
at Drexel University.   
 
WHAT WILL I BE ASKED TO DO? 
The reseracher will plan a time to meet with you in your classroom, after school for an 
interview, at your convenience.  You will be asked questions about your perceptions of 
the influences on students’ attitudes toward STEM.   
   
HOW LONG WILL THE INTERVIEW LAST? 
The interview will last about an hour.   
 
WILL MY INTERVIEW RESPONSES BE RECORDED? 
Yes, each interview will be recorded so that it can be transcribed.  
 
WHO WILL SEE OR LISTEN TO MY INTERVIEW RESPONSES? 
Only the researchers Brianna Miller and Bruce Levine will see the interview 
transcriptions.  Your responses will be kept confidential.  Your name will not be used to 
identify you in the transcriptions, nor will your name be connected to any findings as the 
study aims to determine relationships, not to evaluate individuals.  The findings, 
however, will be shared with the District. You may request to see the findings by 
contacting the researchers- we are happy to share them with you  
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DO I HAVE TO BE INTERVIEWED? 
No.  It is completely fine for you to be interviewed or not.  No one will treat you 
differently either way. 
 
CAN I WITHDRAW FROM THE STUDY? 
Even if you consent to be interviewed, you can change your mind and stop.  If you 
choose to participate, but do not want to answer certain questions, that is okay.  No one 
will treat you differently either way. 
 
WHAT ARE THE POSSIBLE RISKS? 
There are no apparent risks in your being interviewed. 
 
WHAT ARE THE POSSIBLE BENEFITS? 
The expected benefits are a better understanding of the relationships between teachers’ 
and students’ attitudes toward STEM at the upper elementary level.   
 
WHAT IF I HAVE QUESTIONS ABOUT THE STUDY? 
If you have questions about the research or interview, please contact the researchers: 
Brianna Miller at 717.512.3085 or email bm594@drexel.edu or Bruce Levine at 
215.571.3960 or email bl63@drexel.edu.  The research is expected to be complete in 
August 2015.  We will happily share our findings with you upon request.  If you have any 
questions about your rights as a participant, please contact Drexel’s Institutional Review 
Board at 215.255.7857 or email HRPP@drexel.edu. 
 
 
If you would like to participate, please sign, date, and print your name below.  Your 
signature documents your consent to take part in this research.   
 
 
_____________________________________________________ 
Participant’s Signature     Date 
 
_____________________________________________________ 
Participant’s Printed Name 
 
 
 
_____________________________________________________ 
Printed name of person obtaining consent  
 
_____________________________________________________ 
Signature of person obtaining consent  Date 
 
 
 
 
	  
